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Table 1- ANOVA table for specific shear energy variation in different treatments

Ol pandd gaio &l as F value F value F value F value
sovV DF Fresh-Single stem  Fresh-Multi stem Dry-Single stem  Dry-Multi stem
e 2 1.93® 3.24" 0.58"™ 0.86™
Block
s 3 752" 37.64” 7.91" 3.61"
Field
LA“”‘ dLm‘:")s 11
Main plots
o 1 11.52" 1.15" 18.8” 18.35”
Harvest
“)}AXQ:-'.? . ok . ns
FieldxHarvest 3 6.39 13.20 3.10 2.12
A sbos
Sub plots 12
ke 3 4.40" 280" 253" 0.8™
Loading rate
SIS, g Xas) 5 ns * ns *
FieldxL oading rate 9 1.37 3.68 1.66 2.09
SSL g X o ns ns ns ns
HarvestxLoading rate 3 2.69 0.75 111 011
GBS)L 2 X paXas) e ns ns ns ns
FieldxHarvestxLoading rate 9 2.08 0.36 1.23 0.94
A sbo s 72
Sub sub-Plots
Total Js 95

0] o 3l gime coglis U5 aw 53 b e ojLés* Ol gime glis pas ™
" Not significant difference, * Significant difference in 5% level, ** Significant difference in 1% level
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Fig. 3. Mean comparison of specific shear energy at different loading rates in fresh product
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Fig. 4. Mean comparison of specific shear energy at different levels of field factor in fresh product
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Fig. 5. Mean comparison of specific shear energy at different levels of harvesting in fresh product
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Table 2- ANOVA table for specific shear energy variation in different treatments

Ol kS i RS F value SOV g 9 31 anyn F value
SOV DF SOV DF
cubls * »5) ns
i 437 . 4 0.18
Seeding rate Variety
s 5
9 e 15
Error Error
Js 5
11 19
Total Total

U5 oo 53 I3 gize leas* b iz glis pac ™

" Not significant difference, * Significant difference in 5% level
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Fig. 6. Mean comparison of specific shear energy at different levels of seeding rate
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Introduction

Current study tries to find a new simple and practical real-time technique to estimate forage crop nutritional
quality indices at field conditions. Estimating these indices help producers to have field quality variation layer to
reach the goals of Precision Agriculture. Previous studies have shown that standardized shear characteristics of
crop stem would be a good indicator for some nutritional quality indices. In previous studies, laboratory tests
were conducted at controlled conditions of crop moisture content, stem diameter and employing standard shear
test procedure.

Materials and Methods

In order to simulate field conditions, a two-stage study was conducted in Iran and United States. In the first
stage fresh and naturally sun dried alfalfa stems were used in evaluating four levels of crop growth stage and
eight loading conditions (four loading rates and two stem conditions). In order to evaluate the effectiveness of
shear technique with respect to the conventional harvest method in Iran, shear tests were conducted using fixed
and moving knives of a standard square hay baler (John Deere-348). Special fixtures were constructed to attach
these knives to a universal testing machine (SANTAM, STM-20). Since evaluation of the suggested method with
regard to other quality related factor indices such as different varieties and seeding rates, was not practically
feasible in Iran in the second stage of this research, five different varieties and three seeding rates were tested in
United States. In this part of the study, shear tests were conducted using modified Varner-Bratzler shear test with
universal testing machine (TESTRESOURCES-311). Based on the results of loading rate and stem condition in
the first stage, shear tests were carried out using loading rate of 500 mm/min and multiple stem condition. In
both stages Specific Shear Energy (shear energy per stem diameter, J mm) were calculated using trapezoidal
method. In order to compare the shear energy results with crude fiber nutritional quality indices such as Acid
Detergent Fiber (ADF), Neutral Detergent Fiber (NDF) and Relative Feed Value (RFV), all alfalfa samples were
analyzed using (Association of Official Agricultural Chemists) AOAC standard analytical laboratory methods.
Statistical analyses were consisted of ANOVA mean comparison test at each level of factors and regression
analysis to find the correlation between specific shear energy and nutritional quality indices.

Results and Discussions

Results of ANOVA analysis and mean comparisons showed a significant difference in specific shear energy
at different levels of loading rates. The higher loading rates showed lower energy which was related to lower
ability of knives to cut alfalfa stem thoroughly and shredding the stems at lower speed levels. Significant
differences were found in different levels of annual growing cycle, harvest time and seeding rates. Alfalfa stem
in fifth harvest year showed the highest shear energy due to higher lignification in plant stems. In the first year,
harvested alfalfa stem did not have the lowest shear energy which might be due to existence of weeds in first
year field. Results showed higher values of shear energy in fifth harvest of the season in comparison with the
third harvest which was acceptable because of differences in plant received Degree Day in these harvest times.
The lowest seeding rate (5 kg h™) showed the highest shear energy respect to the other seeding rates. The reason
for this significant difference could be due to lower competition to receive water and nutritions, also lower plant
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density helps the canopy to receive more sun light which causes higher lignification. Comparing the shear energy
means in different varieties didn’t show significant differences which can be explained because of varieties
adoptability to the region specific weather condition. The regression analysis showed good correlations between
specific shear energy and crude fiber nutritional indices (ADF, NDF and RFV). The negative trends which were
found in regression analyses were also reported in similar studies.

Conclusions

Two stage laboratory tests were conducted in order to evaluate the effect of alfalfa nutritional feed quality
indices related factors on unitized shear energy. Results showed a significant difference of standardized shear
energy mean at different levels of harvest time, annual growing cycle and seeding rates. The specific shear
energy was not significantly different in different varieties because of varieties environmental adoptability. The
unitized shear energy showed a good correlation with crude fiber related indices with similar trends in both
stages of research and good agreements with previous studies.

Keywords: Forage, Nutritional quality indices, Precision agriculture, Unitized shearing characteristics
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1- Beam Angle Statistics (BAS)
2- Multiscale Fractal dimension (MS)
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2- Self-organising map
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Fig. 3. Different stages of segmentation

oSle Jlaile jlime Bl 5 (:Sle & by po Sluogas
Slee oy dlio Sl cp5d ailze (Lo Jyl 4o
S Slyil (ol adlge Yl Bliodl pgus g p9d (Jol slaadlye
CMY RGB S, slalias pgw ailge jlo Cilyol o pgd ailge
Joli |y Coogas 42 Lass 45 YCOCr LYIQ HSV HSI
s y o dlyy g a3ls & baye Sluogas 14 545 0
2l Cuond ol 5l Caogas 84 Cplplo s )5 gl (X,
oLis RGB (55 slad (¢lp |y cumgas 14 p11 Jos 00

..)Jb.)ua

Olis guad £l Akl
oxlawl &y Lo dagiayg jl o gl el sludl (olwlid jglaied
126 adlas ool 1> s pmends il 0 o b o Slusgas |
ol Jl Camogas 80 5 S5) logad (lie jl Comogal
235 g5l S s Bl o 3 Sl

2035 sl Cono guas 200 lM.> sy 5l e

Sl 4 bosye Gluogasd =1 atws 90 4 () Sluogas



1397 ol Jwows d o )laid 8wl 5 5,9kicS glocmilo 4 pis 20

P lapasls & byye cliogas -1 oo
Table 1- The features related to vegetation indexes
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The formula for calculating the extracted features
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Table 2- Texture features extracted based on the gray level co-occurrence matrix
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Fig. 4. Mean square error graph related to different entries in various iterations
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Table 3- The results of average and standard deviation related to four evaluation criteria in classifier train in 20
iterations

B 0o g Gty ile gy s Olage ke o suindiib ¢
Mean absolute .
Root mean square error Mean square error  Correct classification rate

error

oSl 0.0053 0.053 0.0029 99.53
Average

Sore 31,20 0.0026 0.0082 0.00083 0.129

Standard deviation
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Table 4- The optimum values of the neural network parameters which were determined with SA-GA algorithm

A 90l @G b/ i 800 U

a slaxi

T:’C)”?s ;"'“Sf The J! ab SiS 2 )M‘W giiS gt ,M‘W
€ number o number of Transfer function Backpropagation Backpropagation
neuron layer network training  weight/bias learning
function function
The first layer: 25, The first layer: tansig,
the second layer: 21, 3 the second layer: satlin, trainlm learnwh

the third layer: 21 the third layer: tribas




1397 ol Jwmows d o)laid 8wl 5 5,9kicS clocmilo 4 piss 24

1 T 0.07 F B
-1 _:_
|
L1 S N 0.081 | ]
|
ol - 0ot 5 .
004 B
0.985
003 + 4
0.98 -
.02 1 B)
0.975
(A) o1t ; _
.97 — =
. o} T . . _
e Gl 5 ks loje ke b Gllao (5ke s Slayye (1 Siko 4y
CCR MSE MAE RMSE

55520 (6l ANN-SAGA 3y spaib ob5)1 siell jlag @M uSh sl ages =4 JSW
Fig. 4. The box plot diagrams related to four parameters in hybrid ANN-SAGA classifier evaluation for 20
iterations
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Table 5- The results of classification related to testing data using ANN-SAGA classifier in the best state of

classification
oLl gaald ws o
: - KWPTA KW
B s 1 2 Wodls dod The percentage of S giraib o
. I The percentage of general
classes All data incorrect classification lassification (%
(%) classification (%)
1 197 0 1 198 0.5
2 0 32 0 32 0.00 99.61
3 1 1 543 545 0.37
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Table 6- Six evaluation criteria of classifier in the best state of classification

Class Recall Precision F _measure Sensitivity Accuracy Specificity
1 99.51 99.51 99.51 99.51 99.74 99.51
2 100 96.97 98.46 100 99.87 96.97
3 99.64 99.82 99.72 99.62 99.61 99.82
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1- Receiver Operating Characteristic (ROC)
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are Centaurea depressa M.B, Malvaneglecta and Potato plant respectively
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Introduction

With increase in world population, one of the approaches to provide food is using site-specific management
system or so-called precision farming. In this management system, management of crop production inputs such
as fertilizers, lime, herbicides, seed, etc. is done based on farm location features, with the aim of reducing waste,
increasing revenues and maintaining environmental quality. Precision farming involves various aspects and is
applicable on farm fields at all stages of tillage, planting, and harvesting. Today, in line with precision farming
purposes, and to control weeds, pests, and diseases, all the efforts of specialists in precision farming is to reduce
the amount of chemical substances in products. Although herbicides improve the quality and quantity of
agricultural production, the possibility of applying inappropriately and unreasonably is very high. If the dose is
too low, weed control is not performed correctly. Otherwise, If the dosage is too high, herbicides can be toxic for
crops, can be transferred to soil and stay in it for a long time, and can penetrate to groundwater. By applying
herbicides to variable rate, the potential for significant cost savings and reduced environmental damage to the
products and environment will be possible. It is evident that in large-scale modern agriculture, individual
management of each plant without using some advanced technologies is not possible. using machine vision
systems is one of precision farming techniques to identify weeds. This study aimed to detect three plant such as
Centaurea depressa M.B, Malvaneglecta and Potato plant using machine vision system.

Materials and Methods

In order to train algorithm of designed machine vision system, a platform that moved with the speed of 10.34

cm/s was used for shooting of Marfona potato fields. This platform was consisted of a chassis, camera
(DFK23GM021,CMOS, 120 f/s, Made in Germany), and a processor system equipped with Matlab 2015 version.
The video camera was installed in 60-centimeter height above the ground level. Therefore, all plants in the
camera field of view (whether on the crops row or between the rows) were analyzed. This study conducted on 4

hectares of potato fields in Kermanshah-Iran (longitude: 7.03°E; latitude: 4.22%N). The most suitable color

space for segmentation plants was HSV color space and most suitable channel of applying threshold was the H
channel. In this study, features in two areas of color features, texture features based on gray co-occurrence
matrix were extracted. Ultimately, 126 color features and 80 texture features were extracted from each object. In
final six features among 206 features were selected.

Results and Discussion

Among 206 extracted features, six effective features including the additional second component of the
YCbCr color space, green index minus blue in RGB color space, sum entropy in the neighborhood of 45 degree,
diagonal moment in the neighborhood of O degree, entropy in the neighborhood of 45 degree, additional third
component index in CMY color space were selected using hybrid ANN-PSO. This means that, two set features
have the same effect over plants. The result shows that hybrid ANN-SAGA classified Centaurea depressa M.B,
Malvaneglecta and Potato plant with 99.61% accuracy. This accuracy is high and this meant that 1. These plants
have different 6 selected features, 2. The classifier is very powerful to classify.
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Resources, University of Mohaghegh Ardabili, Ardabil, Iran

3- Assistant Professor, Department of Biosystems Engineering, College of Agriculture, Razi University, Kermanshah,
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Conclusions

1. Plants with similar features make the classification process complicated and less accurate.
2. The presence of shadow on the plants’ leaves reduces the accuracy of the classification.

Keywords: Classification, Machine vision, Segmentation, Video processing, Weeds
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Table 1- Result of variance analysis for the effect of difference characteristics

olindl ke yo (ko
Mean square error
& @3l 4, . e iy clas 51
gy St b oASins! e ] Si¥ler

Source df L
Physical strength of pellet Pellet error Germination
™) (%) (%)
X
Replication 2 0.05™ 0.011™ 2.33"
By o b SSlisdl abold . » X
Spray distance (Fa) 1 1.72 36.00 40.11
Lzl oS . ~ .
Spray position (Fb) 1 0.03 13.44 2.78
Gy By it N N .
Binder Quantity (Fc) 2 75.56 14.09 4173.25
Fax Fb 1 0.004™ 6.42" 1.78"
Fax Fc 2 0.003" 0.68" 10.36™
Fb x Fc 2 0.21" 0.02" 5.03"
FaX Fb XFC 2 O.OGnS O.lzns 2_03”3
ol
Error 22 0.12 0.12 6.42
“"*g \7"” 4.9% 11.2% 3.5%

*: Significant at p=0.05, **: Significant at p=0.01 ns: Non Significant
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Table 2- Results of comparison of average measured characteristic
ol (5 puS03lul law
b s Ky Supd plioad Ol il
)558 gslas = Pellet error ~ Germination
Levels of factors Physical strength of pellet
* %) %)
s b SLd) alusls 150 22.8 4.10 71.28
Spray distance (mm) 300 21.4 2.10 73.40
L . 22.2 3.71 72.61
Slzdl Sle cuxbge | 1/4 diameter upper center
Spray position In center 22.0 2.49 72.06
G L 50 13.9 2.01 90.42
w rae) 75 23.2 3.12 73.42
Binder Quantity (g) 100 29.1 4.18 53.17
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Tablet 3- Correlation between characteristics

S Sy (558 @S] oy gld il
Va aﬁce Physical strength of pellet Pellet error Germination
4 (%) (%)
Dby (slas N
Pellet error 0.621
(%)
Sl N "
Germination -0.955 -0.596
(%)
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Introduction: Today, hybrid seeds are expensive because the company that produces them spends a lot of
money on research and development that often takes years to accomplish. So precise planting of seeds in order to
create the best growing condition for all seeds is important. Modified size and shape of seeds for precision
planting, providing macro and micro nutrients since the start of seed germination and control pests and diseases
are goals that are possible by coating seeds. The overall process of seed coating or seed pelleting comprises a
number of important stages: 1- Droplet formation 2- Droplet travel 3- Impingement 4- Wetting 5- Spreading 6-
Coalescence. Seed coating was largely borrowed from the confectionery industry which had developed this
technique over the ages and is still widely used today. The seed industry concentrated on using the rotary drum
or pan. This type of pan or drum was used for batches of up to 150-200 kg. Some rotary drum coater were
developed subsequently which improved handling, particularly in the way the drying air was introduced and
extracted. The pan of drum rotary coater is placed at the end of a tilted rotating shaft that is turned at a constant
speed about 15- 20 rpm. Then a nozzle is spraying proper amount of coating solution on the seeds. The aim of
this study was to evaluate technology and determine the factors affecting its quality coverage.

Materials and Methods: This experiment lay out in factorial experiment based on random complete block
design with three replications. The first factor was vertically distance nozzle from seed bed in two levels 150 and
300 mm, second factor was the nozzle installed location in two levels installed in 1/4 diameter upper center and
in center of cylinder, and third factor was concentration of binder polyvinylpyrrolidone (PVP) in three levels 50,
75 and 100 g kg™ kaolin. In order to measure the pellet error percent, first 100 pellets were selected and broken.
No seed or multi-seed pellets were counted. For measuring physical strength of pellets, instron machine were
implemented in physical properties laboratory in Aborihan department of Tehran University. Its load cell
capacity was 490 N. Forward speed of the instron was 5 mm per minute. Germination test were performed in the
laboratory in dryland agricultural substitute Sararood, Kermanshah.

Results and Discussion: The results showed that the nozzle distance from the seed bed had a significant
effect on all measured traits (1% level). With increasing distance from the seed bed, the physical strength of
pellet and the percentage of pellet error decreased but germination increased. In fact, with increasing nozzle
distance from 150 mm to 300 mm, the physical strength of pellet decreased from 22.8 N to 21.4 N, the pellet
error decreased from 4.1% to 2.1% but germination increased from 71.3 to 73.4 percent. The used binder
quantity had a significant effect on all measured traits (1% level). By increasing of using binder, the physical
strength of pellet and the percentage of pellet error increased but germination strongly decreased. In the other
word, with increasing used binder from 50g to 100g per one kilogram kaolin, the physical strength of pellet
increased from 13.9N to 29.1N, the pellet error increased from.2.01 to 4.18 percent but germination decreased
from 90.42 to 53.17 percent. The nozzle installed location had a significant effect only on the pellet error (1%
level). In the other word, the nozzle installed on the cylindrical center is better than nozzle installed in 1/4
diameter upper center. There was negative significant correlation (r=-0.96) between physical strength shell
characteristics and germination. So increasing the physical strength of the shell is reduced germination. There
was a significant correlation (r= 0.621) between physical strength and pellet error percentage. So with increasing
physical shell strength, pellet error was increased.

Keywords: Coating seed, Physical strength of pellet, Rotary pan coater, Spray gun
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Introduction

One of the problems which considered in recent years for grain harvesting is loss of wheat during production
until consumption and tenders the offers for prevention of its especially in harvesting times by combine harvesting
machine. Grain harvesting combines are good examples of an operation where a compromise must be made. One would
expect increased costs because of natural loss before harvesting, because of cutter bar loss, because of threshing loss,
because of greater losses over the sieve and because of the reduced forward speed necessary to permit the through put
material to feed passed the cylinder. The ability to recognize and evaluate compromise solutions and be able to predict
the loosed grain is a valuable trait of the harvesting machine manager. By understanding the detailed operation of
machines, be able to check their performance, and then arrive at adjustments or operating producers which produce the
greatest economic return.

Voicu et al. (2007) predicted the grain loss in cleaning part of the combine harvester by using the laboratory
simulator based on dimensional analysis method. The obtained model was capable to predict the grain loss perfectly.

Soleimani and Kasraei (2012) designed and developed a header simulator to optimize the combine header in
rapeseed harvesting. Parameters of interest were: forward speed, cutter bar speed and reel index. The results showed
that all the factors were significant in 5% probability. Also in the case of forward speed was 2 km h™, cutter bar speed
was 1400 rpm and reel index was 1.5, the grain loss had minimum quantity.

The main purpose of this research was to develop an equation for predicting grain loss in combine header
simulator. Modeling of the header grain loss was conducted using dimensional analysis approach.

Effective factors on grain loss in combine header unit were: forward speed, reel speed and cutter bar height.

Material and Methods

For studying the effective parameters on head loss in grain combine harvester, a header simulator with the
following components was built in Biosystems Engineering Department of Shiraz University.

Reel unit

The reel size was 120 cm length and 100 cm diameter. This reel was removed from an old combine header and
installed on a fixed bed. For changing the rotational speed of the reel, an electrical inverter (N50-007SF, Korea) was
used.

Cultter bar unit

The cutter bar length was 120 cm. Knifes were installed on this section. Reciprocating motion was transmitted to
the cutter bar through a slider crank attached to a variable speed electric motor (1.5kw, 1400 rpm, Poland). The motor
was fixed on the bed.

Feeder unit

This section was consisted of a rail and a virtual ground. This ground was a tray that the wheat stems were
staying on it manually. The rail was the path of virtual ground.
Treatments consisted of three levels of rotational speed of reel (21, 25 and 30 rpm), three levels of forward speed of
virtual ground (2, 3 and 4 km h™), three levels of cutter bar height (15, 25 and 35 cm) and three replications. In other
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Machinery, Biosystems Engineering Department, College of Agriculture, Shiraz University

3- Associate Professor of Agronomy Planet Production, Crop Production & Plant Breeding Department, College of
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words, 81 tests were done. The basis of choosing levels of treatments was combine harvester manuals and driver’s
experiences.
The dependent variable (H.L) was calculated as below:

LG

H.L x100 1
G )

Where L.G is the mass of loss grains and H.G is the mass of harvested grains.

Results and Discussion

Generally results of ANOVA test showed that the cutter bar height, rotational speed of reel and forward speed
had significant effect on head loss. Also interaction of rotational speed and forward speed, cutter bar height and forward
speed had significant effect on head loss. These findings were based on Soleimani and Kasraei (2012) research.
Therefore, the cutter bar height, rotational speed of reel and forward speed were three independent parameters on head
loss as a dependent parameter.

By results of laboratory data, the equation for predicting grain loss by header simulator was obtained.

Conclusions

The statistical results of F- test in 5% probability showed that there were no significant difference between
measured and predicted amounts for laboratory data.

Keywords: Combine, Laboratory simulator, Modeling, Wheat
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Major Principal Stress — Log Scale

(Hemmat et al., 2009) %1,5LulS 3, 4 S oS|p= L (i o =1 S0
Fig. 1. Determining pre-compaction stress by casagrande method
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Table 1- Some of the physical and mechanical characteristics of the control (soil without residues)

wdly oy Gl 0w o g P I
Texture Clay Silt Sand
Feenrd a5 533 152 183 298 76 115 107
Silty clay loam

Dok e deoyd oyt Sod 4 Canl (35 bl S sl oLl b o ily, do (s pmed 1> 0kiiS e g FI 5 PILSLLL PL
Ole hopd ©jgods (S @35 ol g et pa3ls (2l gy o (et ol i
PL= Plastic limit, LL= liquid limit SL= Shrinkage limit, PI=Plasticity Index, Fl= Friability Index (%).
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ol 1L 2)50 gy (JSa 5 o Bem & (T £li)| b 0
ol (95 48 (Seidly (S, S Ly SUS s g 23,5
3y90 0] EC ool d dng b .0 oxilbgy cusly Hl)3 olaglygm
ool GTEC (3¢ paite opuizmeds 9 S Sadbcsw ) odlatul
L yolp EC b o (1-2/5 ds.m™) S g )l50 5 olital 390
09y 4 9 03 (59 b olyen S15 03,5 a5 1/69 ds.m*
&l by Juab (slod pSilie) 51,5 o 45,5 40 (slod b ol
O3 Lo Lantiges ol 24 CublS ) g 2,8 Jitie (1S
S b, uie) FC woys 07 4 Lyl cugby a5 Sloj b s
sae (il sl 4 Jol 42 ) ot (o)l 9o o
L ol g oo arwloxe jLs 3,90 Ol Hlaie FC & ladiges cughs,
o9 o9y I.)J._?Lo G,k g b 039 38] ladiges 4 yLidlo] I ol
a2y L SE B p» (38 Suid g osboye olye 85 )15
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1- Fine-loamy, mixed, thermic Typic Haplargids
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Table 2- Gravitational water contents of soil consistency limits and field capacity at different levels of residues

yeh S
e sse i 5 sl sge SELUL LU SSASKL S 2
Consistency limits and field capacity c i t' | 1% Bagasse 2% Bagasse 1% Filter Cake 2% Filter Cake
ontro
LL 29.8 321 35.0 33.2 335
PL 18.3 23.4 235 22.7 24.8
Pl 11.5 115 10.5 8.7
FC 24.3 25.0 28.2 27.2 28.8

sl e S cliey e (ibuS g s pwed (abld (SB g yad do (g o oaimaplis s FC 4 PIPL PL LL
LL=liquid limit; PL=Plastic Limit; PI=Plastic Index; FC=Field Capacity
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= S U284 o 1128 5l) csly ial S (g)ls ixe yoboas S
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¥ oed Al & Cuns b Suid g 5 48 DL SB sladiges
el uals oyl gxe yobds g doyd 30/3 olul 4y yas Sis
) ()Lib Canglia Vel (35S, 51 55 culple (4 Jga2)
S 4 s SLis 5 5 codl Lials S (LeS1y - i
g ol 1y J5dss o)l aoais (> amd o )l le o)bgd 03,98
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Table 3- Changes in bulk density (g.cm™) of the control and treated soils with residues and with/without wetting and

drying
O SWs g
Wetting and drying
o 09N L

Treatment Without  With
(bl L'_)5-L.’) REYD ) 1.28 1.24b

Control (without residue)
Q»Lfb.b.m Sleg S 1972 122

(Soil treated by bagasse)
S AB L 0 o SE 128 1.25°

(Soil treated by filter cake)
35,15 LSD g0l okl 1 75 Jlazs] geans 5 (6 )b sine slis el a5 5 S e Y G Sy 3 a5 s,y a3 ilefl ol s slagySibe |
Means of each experimental factor followed by the same letters in each row are not significantly different according to LSD test at
the P<0.05%.

(Moo Coanis il b 25 (KPB) (o515 — sy G5 1 ST o gy 5 LlEs 200 5 &5 et St 5 5 il =4 Jgan
‘(PST)
Table 4- Effect of wetting and drying, residue percent and type, and soil relative moisture content on pre-compaction
stress (kPa) measured by PST

sizlosl Jalse oS5 ey A5
Experimental factors Pre-compaction stress
M S g 5
Wetting and drying
oo 775
Without
: 54.0°
With
Ll gy
Residue type
u.,L?L. 63.9°
bagasse
5\5)*1,3 67.5°
Filter cake
ble ao )y
Residue percent
1% 67.9°
2% 63.6°
SE o g,
Soil relative moisture
0.9PL 67.1°
1.1PL 64.4°

585 LSD ygoil ol 1 75 Jais s 3 (6 o gl (el s 31 kS oo 55 i S 33 85 gt ym 33 ool el o slanSiles
SB gyed > PL
Means of each experimental factor followed by the same letters in each column are not significantly different according to LSD test
at P < 0.05%.
PL=Soil plastic limit
ol Gliaisg LS o Joo Cyjals S asle SB el oyl sleodls o S g5lid Cuoglio Gilidl gly (SB35 )
2 a8 aig Cugby (SB & BUIslge pl 0,8 adlsl b &S ol 2 a8 e Bl SB @ eaunn b aob sladdll ¢ oo,
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Liley o yd g Cugby i Sid g 55 Alfaw plate 5l oy
Dy by xe o3 D sl o )3 oST5 - i 5 g oS
Jize 3135 o ine ol o 2 &6 Blise (sla ) e
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#F Samilis g F O
Without wetting and drying
Boadeis o b
With wetting and drying

2%

Residues percent (%)

el 5 5l S o Y B S 3 8 o laeSilke S ST S (A bl oy 5 08 S 5 5 Blite 51 -2 JSWS

5,5 LSD 90l (olsl 2 75 Jlosn] gaws y3 (6l sime cglés
Fig. 2. Interaction effect of the residue percentage and wetting and drying on pre-compaction stress. Means followed by
the same letters are not significantly different according to LSD test at P<0.05.
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90

m(.9PL

1.1PL

Pre-compaction stress (kPa)

" K
Bagasse Filter cake
Residue type

2 S bine Sglis g )lol il Syt (Y B S 0 & olanSibe . wSTin iy G 2 Cashy g Ll £ blize 51 -3 JSS
5,5 LSD yg0)] olsl 2 75 Jlozs! s

Fig. 3. Interaction effects of the moisture and residue type on pre-compaction stress. Means followed by the same
letters are not significantly different according to LSD test at P<0.05.

90

=1% H2%

Pre-compaction stress (kPa)

Sy K5 A

Bagasse Filter cake
Residue type

Sobsme olis (oylel a5l S i (WY B S oS olanSibe (SB WST5m i (iS5 9 Ll oy g g5 blate 51 =4 JSWS
)5 LSD 9051 Lol 2 75 Jlass] gdaws y
Fig. 4. Interaction effects of the percent and type of residues on pre-compaction stress. Means followed by the same
letters are not significantly different according to LSD test at P<0.05.
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Table 5- Interaction effect of the percent of residues, moisture and wetting and drying on means of pre-compaction
stress (kPa)

O S g
Wetting and drying

L
With

O
Without

1.1PL 0.9PL
2% 1% 2% 1%

1.1PL 0.9PL
2% 1% 2% 1%

50.0° 58.2° 45.9° 61.8°

69.9° 79.4° 88.6° 72.0°

SB i 5 PL 5 LSD gl pobul 75 Jlais! g 5 (6l me s (5l i 31 iy (Y s S 3 8 oloysSiles
Means followed by the same letters are not significantly different according to LSD test at P<0.05. PL= Plastic limit.

19bds 5 o3 30 ojlul 4 WSl i i UIPL 4 0/9PL
Seis g 5 aslEgd blite 51,6 Jgd) cdl LialS (gl e
M mime 2l jlewd oS5 - e (AT Casby Hlade o

g

Lol (g S (50, pol g 3 (el T Jol g 5318
(9als jlas)

515 -G G5 2 Cashy Sl esel Cunsty mlis 4 a2 L

g 35 531 Lel g 4y me doyd 1 Jlass] o 3 Ll 90 S

SIS cagby (alil b e jb pxe il ol p i Sais

09 slasd 3 (PST) (shasmins annts ialofl b o s (KPR) * (o815 -t G205 S gy 5 o St 5,56 -6 Jouar
(s0L) L,

Table 6- Effect of soil moisture and wetting and drying on pre-compaction stress determined by PST test for treatment
without residue (control)

e lojl Jolge

Experiment factors

S5 g A5
Pre-compaction stress

oMb iS5
Wetting and drying

o9
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P<0.05. PL= Plastic limit.
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Table 7- Percentage changes in pre-compaction stress (%) by adding residues to the soil in PST test
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Introduction

The compaction of soil by agricultural equipment has become a matter of increasing concern because
compaction of arable lands may reduce crop growth and yield, and it also has environmental impacts. In nature,
soils could be compacted due to its own weights, external loads and internal forces as a result of wetting and
drying processes. Soil compaction in sugarcane fields usually occurs due to mechanized harvesting operations by
using heavy machinery in wet soils. Adding plant residues to the soil can improve soil structure. To improve soil
physical quality of sugarcane fields, it might be suggested to add the bagasse and filter cake, which are the by-
products of the sugar industry, to the soils.

When a soil has been compacted by field traffic or has settled owing to natural forces, a threshold stress is
believed to exist such that loadings inducing lower than the threshold cause little additional compaction, whilst
loadings inducing greater stresses than the threshold cause much additional compaction. This threshold is called
pre-compaction stress (opc). The oy is considered as an index of soil compactibility, the maximum pressure a
soil has experienced in the past (i.e. soil management history), and the maximum major principal stress a soil can
resist without major plastic deformation and compaction. Therefore, the main objective of this study was to
investigate the effects of wetting and drying cycles, soil water content, residues type and percent on stress at
compaction threshold (cpc).

Materials and Methods

In this research, the effect of adding sugarcane residues (i.e., bagasse and filter cake) with two different rates
(1 and 2%) on pre-compaction stress (opc) in a silty clay loam soil which was prepared at two relative water
contents of 0.9PL (PL= plastic limit, moist) and 1.1PL (wet) with or without wetting and drying cycles. This
study was conducted using a factorial experiment in a completely randomized design with three replications. A
composite disturbed sample of topsoil (0-200 mm deep) of a silty clay loam soil was collected from Isfahan
province (32°31.530'N; 51°49.40'E) in center of Iran. The mean annual precipitation and temperature of the
region are about 160 mm and 16 °C, respectively. Sugarcane residues (bagasse and filter cake) were obtained
from the sugarcane fields in Ahvaz, Khuzestan province (Iran). The samples were air-dried and passed through a
2-mm sieve. Soil treated by bagasse and filter cake in different rates was poured and knocked lightly into
cylinders with diameter and height of 25 and 8 cm, respectively. Large air-dry disturbed soil samples were
prepared and some of them were exposed to five wetting and drying cycles. Finally, the soil surface was covered
by a plastic sheet and was left overnight in the laboratory (for 24 hours) to enable the moisture to equilibrate.
The loading tests were performed the next day. The pre-compaction stress was determined by plate sinkage test
(PST). The loading test for PST was performed using CBR apparatus. The compression for PST was continuous
at the same constant displacement rate of the CBR (i.e. 1 mm min). Determination of the opc Was done using
Casagrande’s graphical estimation procedure (Casagrande, 1936) in a program written in MatLab software.

Results and Discussion
The results showed that o, Was significantly decreased by adding residues to the soil at both water contents,
and with/without wetting and drying process. For untreated treatments (control), the op. decreased with
increasing water content. Although o, decreased with adding the residues to the soil, however, the effect of

1 and 2- Former Graduate Student and Professor, respectively, Department of Biosystems Engineering, College of
Agriculture, Isfahan University of Technology, Isfahan

3-Professor, Department of Soil Science, College of Agriculture, Isfahan University of Technology, Isfahan

(*- Corresponding Author Email: ahemmat@cc.iut.ac.ir)
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residue types and percentages and soil water content on o, was not significant for the soil samples treated with
residues.

Conclusions
In order to prevent re-compaction of the soil and improve its structure, it is suggested that traffic control
system with permanent routes for the movement of machinery to be used in sugar cane plantations and the
residues (after desalination) to be added into strips that are placed under cultivation.

Keywords: Compressive strength, Plant residues, Plate sinkage test, Pre-compaction stress, Plant residues,
Wetting and drying
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Table 3- The final weight of the criteria
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Table 4- Comparison of options in paired based on yield criteria
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0.155 0.072 0.194 0.01
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Table 5- Comparison of options in paired based on average cost of production criteria
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Introduction

No use of advanced mechanization and weakness in post harvesting technology are the main reasons of
agricultural losses. Some of these wastes (agricultural losses) are related to crop growing conditions in field and
the remaining to processing of sugar in mill. The most useful priority setting methods for agricultural projects
are the Analytic Hierarchy Process (AHP). So, this study presents an introduction of application manner of the
AHP as a mostly common method of setting agricultural projects priorities. The purpose of this work is studying
the sugarcane loss during production process using AHP in Khuzestan province.

Materials and Methods

The resources of sugarcane waste have been defined based on expert’s opinions. A questionnaire and
personal interviews have formed the basis of this research. The study was applied to a panel of qualified
informants made up of thirty-two experts. Those interviewed were distributed in Sugarcane Development and
By-products Company in 2015-2016. Then, with using the analytical hierarchy process, a questionnaire was
designed for defining the weight and importance of parameters effecting on sugarcane waste. For this method of
evaluation, three main criteria considered, were yield criteria, cost criteria and income criteria. Criteria and
prioritizing of them was done by questionnaire and interview with sophisticated experts. This technique
determined and ranked the importance of sugarcane waste resources based on attributing relative weights to
factors with respect to comments provided in the questionnaires. Analytical Hierarchy Process was done by
using of software (Expert choice) and the inconsistency rate on expert judgments was investigated.

Results and Discussion

How to use agricultural implements and machinery during planting and harvesting of sugarcane, can increase
or decrease the volume of waste. In planting period, the losses mainly consists of loss of setts during cutting
them by machine, injury the setts by biological and physical agents, loss of growth in sett field, unsuitable sett
covering and replanting the gaps. During cultivation period the losses include late in field harvesting and so late
in regrows the cane, unsuitable ratooning and use of cultivator, varying the size of the furrows and ricks in
around the field and destroyed the stubbles during rationing. In harvesting the losses easily seen and mainly
associated by efficiency of harvester machines. Billets loss of the fleet in the transmission roads toward mill and
late in harvest the burnet cane and then transport to mill are main sources of quantities and qualities of losses.
The Expert Choice software performed well in conjunction with the panel of experts for choosing the criteria and
assigning weights under the AHP methodology. According to the results, effective parameters on sugarcane
waste consist of caused by harvesting, transportation, industry, planting, preserve operations, ratooning and land
preparation. Weight of effective criteria (yield, cost and income) on losses of sugarcane obtained from paired
comparison in the experts’” view which has been calculated with Expert choice software. The result of this survey
by AHP techniques showed that yield criteria had the most and income criteria had the least importance for
expert in sugarcane production. In this stage of research, alternatives of paired comparison relative to criteria
was separately formed and information of questionnaire which relates to paired comparison of criteria was
obtained. Between effective parameters on losses of sugarcane, harvesting with 0.243 weighted average was the
most effective factor and transportation with 0.187 weighted average, industry with 0.179 weighted average,
planting with 0.156 weighted average, preserve operations with 0.109 weighted average, ratooning with 0.071

1 and 2- Assistant Professor and Ph.D Graduated, Biosystems Engineering Dept., Faculty of Agriculture, Shahid
Chamran University Ahvaz, Iran
(*- Corresponding Author Email: hzakid@scu.ac.ir)
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weighted average, and land preparation with 0.055 weighted average was later, respectively (Inconsistence Rate
=0.04). The results are examined by monitoring sensitivity analysis while changing the criteria priorities. Since
different judgments are made on comparison of criteria, we use sensitivity analysis in order to provide stability
and consistence of analysis. With increasing or decreasing of the criteria, we will conclude that ratio of other
indices will not change.

Conclusions

This paper looks at AHP as a tool used in Sugarcane Agro-Industries to help in decision making. Results
show that criteria studied in this research can help prioritizing of loss resources during sugarcane production
process. According to the results, effective parameters on sugarcane waste consist of caused by harvesting,
transportation, industry, planting, preserve operations, ratooning and land preparation.

Keywords: Analytical Hierarchy Process (AHP), Loss, Sugarcane
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Fig. 1. Experimental set up of the forced air cooling (1. Air circulating pipe, 2. Relative humidity indicator, 3. Interface,

4. Air tunnel, 5. Backward centrifugal fan, 6. Thermostat, 7. Cooling system, 8. Digital scale, 9. Microprocessor unit,
10. Controllable air velocity equipment, 11. Location of sample in the air tunnel)
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1- Unsteady heat transfer
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Table 1- Cooling parameters in center and peel of pomegranate at different velocities 0.5 ms™
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Fig. 2. Cooling curves (experimental and regression) at different airflow velocities in center and peel of pomegranate
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Table 3- Instantaneous cooling rate in center and peel of pomegranate at different airflow velocities
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(°C s)x10 (°C s)x10
0.5 7.28 5.15
1 6.55 3.09
1.3 8.09 3.09
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Table 4- Convective heat transfer coefficient and Reynolds number at different airflow velocities
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Airflow velocity (ms™)  Convective heat transfer coefficient (W m2K™) Rey_nolds. number
(Dimensionless )
0.5 11.05 2860
1 15.75 5622
1.3 17.51 7868
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Table 5- Percent of weight loss at different airflow velocities
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Airflow velocity (m s?) Initial mass (g) Final mass (g) Mass loss (%)
0.5 334.13 333.39 0.22
1 347.46 346.74 0.21
1.3 355.47 354.90 0.16
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Introduction

Pomegranate (Punica grantum L.) is classified into the family of Punicaceae. One of the most influential
factors in postharvest life and quality of horticultural products is temperature. In precooling, heat is reduced in
fruit and vegetable after harvesting to prepare it quickly for transport and storage. Fikiin (1983), Dennis (1984)
and Hass (1976) reported that cold air velocity is one of the effective factors in cooling vegetables and fruits.

Determining the time-temperature profiles is an important step in cooling process of agricultural products. The
objective of this study was the analysis of cooling rate in the center (arils) and outer layer (peel) of pomegranate
and comparison of the two sections at different cold air velocities. These results are useful for designing and
optimizing the precooling systems.

Materials and Methods

The pomegranate variety was Rabab (thick peel) and the experiments were performed on arils (center) and
peel (outer layer) of a pomegranate. The velocities of 0.5, 1 and 1.3 m s were selected for testing. To perform
the research, the cooling instrument was designed and built at Department of Biosystems Engineering of Tabriz
University, Tabriz, Iran. In each experiment six ptl00 temperature sensors was used in a single pomegranate.
The cooling of pomegranate was continued until the central temperature reached to 10°C and then the instrument
turned off. The average of air and product temperatures was 7.2 and 22.2°C, respectively. The following
parameters were measured to analyze the process of precooling: a) Dimensionless temperature (6), b) Cooling
coefficient (C), ¢) Lag factor (J), d) Half-cooling time (H), e) Seven-eighths cooling time (S), f) Cooling
heterogeneity, g) Fruit mass loss, h) Instantaneous cooling rate, and i) convective heat transfer coefficient.

Results and Discussion

At any air velocity, with increasing the radius from center to outer layer, the lag factor decreased and cooling
coefficient increased. Also, half-cooling time and seven-eighths cooling time reduced and so cooling rate
enhanced. Thus, despite a reduction lag factor, due to a significant increase in cooling coefficient, half and
seven-eighths cooling declined. Dimensionless temperature, 0, less than 0.2 and 0.1 in the center and peel and at
different velocities had little impact on the rate of cooling in pomegranate. The difference in primary cooling
time (0-500 sec) and in high lag factor (greater than 1) occurred, which represents an internal resistance of heat
transfer in fruit against the airflow. Cooling the center of pomegranate starts with time delay which causes the
beginning of the cooling curve becomes flat. Seven-eighths cooling time is the part of half- coollng time. The
range of S was 2.5-3.5H in the present study At first, cooling heterogenelty at 0.5 m s was low in the center
and peel of pomegranate and then with increasing the velocity up to 1 m s, it enhanced and again decreased at
1.3 m s™. After a period of cooling (5000 sec), almost layers of pomegranate reached the same temperature and
o) heterogenelty reduced. The maximum instantaneous cooling rate was 8.09 x 10 °C s at 1.3 m s in the
center of pomegranate. By increasing the alrflow velocny from 0.5 to 1.3 m s, the convective heat transfer
coefficient increased from 11.05 to 17.51 W m? K. Therefore, the velocity of cold air is an important factor in
variation of convective heat transfer coefficient.

Conclusions
Cooling efficiency is evaluated based on rapid and uniformity of cooling. Cooling curves against time

1- Ph.D. Student of Biosystems Engineering, College of Agriculture, Tabriz University

2- Associate Professor of Biosystems Engineering Department, College of Agriculture, Tabriz University
3- Associate Professor of Mechanical Engineering Department, College of Engineering, Tabriz University
(*- Corresponding Author Email: ali_behaeen@yahoo.com)
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reduced exponentially at the different airflow velocities in the center (aril) and outer layer (peel) of pomegranate.
By increasing the air flow velocity, half and seven-eighths cooling time reduced and cooling rate increased that
showed direct impact of this variable. The main reason was the variation of convective heat transfer coefficient.
The lowest level of uniformity obtained at the highest velocity (1.3 m s?), which made more uniform
temperature distribution in the fruit. The results showed that applied method in this experiment could be used for
the fruits which are similar to sphere and could explain the unsteady heat transfer without complex calculations
in the cooling process. Based on the results of this research, the airflow velocity of 1.3 m s™is recommended for
forced air precooling operations of pomegranate.

Keywords: Cooling rate, Pomegranate, Precooling, Unsteady heat transfer
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3- Competitive Selection

4- Elitist Selection
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3- Parameter Setting
4- Initial Population
5- Algorithm Main Loop
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Introduction

Today, most of the agricultural machines for doing agricultural operations and covering the entire farm, must
move in the farm, and travel a certain distance without doing anything useful. Common agricultural machines
are controlled by human beings using habits, machinery models, and personal experiences without using
computer-based tools. This trend leads to repetitive patterns and affect farm efficincy. Therefore, applying
optimization techniques in determining the optimum pattern and track for on-farm machinery would be very
effective.

One of the main problems of conventional movement patterns on farms is the time wasted on moving
towards the end of the field, which will have a big impact on field efficiency. The purpose of this study is to
reduce the useless distance traveled by agricultural machines using genetic algorithm while moving on the farm
and going from one track to the next, and, consequently, increase farm efficiency.

Materials and Methods

In this study, the rectangle farm that was 80 meters wide and had an arbitrary length was selected for
simulation, and different types of turning methods were tested. The calculations and simulation were based on
genetic algorithm using the MATLAB 2013 software. In this case, the minimum traveled distance was set as
solution evaluation criterion. The solutions were applied and simulated according to these assumptions: Each
gene was considered a track number, and the algorithm’s chromosomes were produced by connecting all the
tracks to each other,. The width of each track was considered equal to the width of the machine, and based on
reproduction parameters such as population size and the number of repetitions, a percentage of the children were
produced through point intersection and another percentage were produced through mutation. In determining the
distance between the tracks, Q or T or U were used for two adjacent tracks, U was used for two tracks that had a
track between them, and a longer U was used for tracks that had more than one track between them.

Based on the number of the initial population, the chromosomes that were supposed to be parents at the
beginning were selected. The children produced new population was created and the above steps were repeated.
During the last repetition, the best child chromosome was introduced as the answer.

In order to calculate the effects of different methods of turning on the non-working distance covered during
agricultural operations, the non-working distance traveled during 5 orders of movement, including 4 traditional
orders (continuous, spiral, all-around, and blocked) and 1 smart order were compared to each other.

In the continuous pattern, because movement continues in the next track at the end of each track, all the
turnings are inevitably done in the Q way, and thus a greater distance is travelled compared to the U way. In the
spiral pattern, the distance travelled in turnings between different tracks on the farm is equal. In the all-around
pattern, movements are done from the sides and the operation is concluded at the center of the farm; therefore,
the long U method of movement is used at the end of all the tracks, and Q turning is used for the last track at the
center of the farm. In the blocked pattern, the farm is devided into two or more blocks, and the all-around
movement pattern is used in each block as an independent farm. In the smart movement pattern, the beginning
and ending of the agricultural operations are considered in the vicinity of the hypothetical road which, in
addition to facilitating access to the road, had a significant impact on reducing the useless distance traveled on
the farm.
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Results and Discussion

The final optimum pattern was compared to traditional patterns in the form of charts. The optimum pattern of
movement which uses smart genetic algorithm and avoids long turning methods (such as, Q and T) leads to
reduced wasted time and distance traveled by agricultural machines and increased field efficiency and also,
decreasing the non-working traveled distance and waste time approximately, 45 % and 47 % respectively. This
is due to avoiding turning methods of Q and T (compared to the U method). Also, the fatigue resulting from
these approaches and their wasted time is greater than U method used in the genetic algorithm pattern.

Conclusions

The optimum pattern of movement which uses smart genetic algorithm was compared to conventional
patterns that showed significant saving in non- working distance and waste time in farm. This optimum pattern
can be implemented in automatic navigation but there is the possibility of its implementation by operators in
common navigation.

Keywords: Field efficiency, Genetic algorithm, Pattern of traffic, Route planning
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3- Mmean absolute percentage error
4- Back propagation (BP)
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Table 2- Analysis of variance of obtained data on bulk density during field experiments

O yuS @i &3l a2y Olasyo ggome layye ke F
Source of variations  Degree of freedom Mean squares
"’S’ . 2 40.469 20.235 1.085 ns
Replication
Cﬁ’b 4 4 151253.376 37813.344 2027.163**
Moisture
e 4 76949.269 19237.317 1031.307**
Speed
at 4 121443.483 30360.871 1627.638**
Depth
. x Co
e 5k 16 5888.544 368.034 19.73**
MoisturexSpeed
Gos X Cagh 16 2661.931 166.371 8.919**
MoisturexDepth
Go X at 16 1985.904 124.119 6.654**
SpeedxDepth
oo X g X g 64 4217.749 65.902 3,533+
MoisturexSpeedxDepth
(e 248 4663.333 18.64 -
Error
S 374 589369063 - -
Total

95 4 xe NS AL Jlessl prdaw )3l imo s
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Table 3- Comparing results of the means of the main parameters effect on the bulk density at P<5%

Gos G oyt o Gapin Cope sl ot pn IR s n
(cm) (kg m) (km h) (kg ) ) (kgm?)
Depth Bulk density Speed Bulk density C(?rﬁeﬁe Bulk density

20 1322.25° 1 1317.68° 11 1270.89°

25 1307.41° 2 1302.82° 135 1279.19°

30 1202.4° 3 1204.29° 16 1200.65°

35 1281.09° 4 1282.98" 19 1308.01°

40 1282.14° 5 1277.52° 22 132657

.L:JLL;Q M u.)y )‘.)L{.m DMJULM: alises u_95)>
Similar letters show that threr was no significant difference
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Fig. 5. Binary effect of forward speed and moisture on the soil bulk density
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Fig. 6. Binary effect of moisture and depth on the soil bulk density
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Fig. 7. Binary effect of forward speed and depth on the soil bulk density
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Introduction

Soil compaction is one of the most destructive effects of machine traffic. Compaction increases soil
mechanical strength and reduces its porosity, plant rooting and ultimately the yield. Nowadays, agricultural
machinery has the maximum share on soil compaction in modern agriculture. The soil destruction may be as
surface deformation or as subsurface compaction. Any way machine traffic destructs soil structure and as result
has unfavorable effect on the yield. Hence, soil compaction recognition and its management are very important.
In general, soil compaction is the most destructive effect of machine traffic. Modeling of ecological systems by
conventional modeling methods due to the multitude effective parameters has always been challenging. Artificial
intelligence and soft computing methods due to their simplicity, high precision in simulation of complex and
nonlinear processes are highly regarded. The purpose of this research was the modeling of soil compaction
system affected by soil moisture content, the tractor forward velocity and soil depth by multilayer perceptron
neural network.

Materials and Methods

In order to carry out the field experiments, a tractor MF285 which was equipped with a three-tilt moldboard
plough was used. Experiments were conducted at the Agricultural research field of University of Mohaghegh
Ardabili in five levels of moisture content of 11, 14, 16, 19 and 22%, forward velocity of 1, 2, 3, 4 and 5 km/h,
and soil depths of 20, 25, 30, 35 and 40 cm as a randomized complete block design with three replications. In
this study, perceptron neural network with five neurons in the hidden layer with sigmoid transfer function and
linear transfer function for the output neuron was designed and trained.

Results and Discussion

Field experiments showed three main factors were significant on the bulk density (P<0.01). The mutual effect
of moisture on depth and mutual binary effect of moisture on velocity and depth on velocity were significant
(P<0.01). Mutual triplet effect of moisture on velocity on depth was significant (P<0.05). Maximum bulk density
of 1362 kg/m® was obtained at the highest moisture of 22% and the lowest forward velocity of 1 km/h at the
depth of 20 cm. Whilst the minimum value of 1234.5 kg/m® was related to the moisture, forward velocity and
depth of 11%, 5 km/h and depth of 40 cm, respectively. Compaction increased as soil moisture content increased
up to 22% which was critical moisture. In contrast, soil compaction decreased as the tractor velocity and soil
depth increased. A comparison of neural network output and experimental results indicated a high determination
coefficient of R? = 0.99 between them. Also, the mean square error of the model was 0.174, in addition, mean
absolute percentage error of the system (MAPE) was equal to %0.29 which showed high accuracy of neural
network to model soil compaction.

Conclusions

It was concluded that soil compaction increased as soil moisture content increased up to a critical value.
Increasing soil moisture act as lubricant and soil layers compacted together. Hence knowledge of soil moisture
can help us to manage soil compaction during agricultural operations. Increasing the tractor forward velocity
reduced soil compaction. However, agricultural operations should be conducted at certain speeds to carry out the
duty properly and increasing speed more that value decreases the efficiency of work.

Neural network of MLP with 5 neurons in hidden layer and sigmoid function in middle layer and one neuron
with linear transfer function was found the most accurate and precise in prediction of the soil bulk density. A
high determination coefficient of R? = 0.99 was found between measured and predicted values.

Keywords: Artificial neural network, Modeling, Multilayer perceptron, Soil compaction
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5 (CML, 2013) caul 04s 031 drwss -“1“’4&\*) oKy

2- Functional unit
3- Eco Invent 3.0
4- Leiden

33l 5 Goeben D18 2gun 158 )3 aoigy Mg (ljee 3l
Al o el @Y game Mg ise 5l ao,d 7188 Jslae 45 ons
el g lie 9 iS5 e S 5l 08 ol el
95 4,958 IS )3 ) ped plie 5 538221 4 e 79220 L
.(Anonymous, 2014) cul oals olais!

Ol (5,9l (ool Y grama jl axdg aShl 4 25 b
 cblis coanl Js 4 g 0351 o5 Glioped 9 () ol
5 lwlid aiej )y Oligiod plol 4 jl 5 Cunyj e
by ) gy il gladibols ) (Jaorecan; Sl oL
St syl pols addllae jl Ban ool axwgs Slaal &y (o,
dwlre g (S5 das 0,50, L dody 1)y e
el kS Cogs alalSal, a3l g e, cla s
@ Sl phle)S Jewily padlS Glie b 5 (larecins
L (Kg CO; eq.(ha alfalfa)™) oas 1)y assigs ,liSa ,a 3l
Al oo YN il S8 4 (939)5 Glrodles 4 g

W yig; 9 3190

Laoals s 9T pan

5 ol hygltS ol slacdad e Ll )3T i
Ol =l 3 4289 A ere sl i I (B Gl e
aidy 31 g a5 30 Hlélae clake > lupds opl Aok oo
il dy G (B Jsb 235 12 5 42046 5 Jed (o0
2o 1310 5131 (s> s 1 T lis)l g 3 8 gz S 5l
Slasdllas ool 5Ls )50 leMbl.(Anonymous, 2010) asb ..
G0k 315 9495 (els Jls )5 (g i eed (alios) (s
OS5 9 Gl red gl ghS e L gy 0 g) anlae
abuly 3ok 5l wgel 0fI8105 (5yglaen pansS (sladeliiuy
(Kizilaslan, 2009) 1 alxs "85S (s lel
NS (1)

"ENEres ,

5y90 dalais cpely Slai b (g)lol dmols o3Il N 4l )5 aS'm
&35 0 Jlp 28 Lo Jod B Gliebl o po Teadlllan
3590y g? Aol e s Codgal =t Jgda 1 a5 3,90 Caduo
ciun) ogllas Jlainl €8> d carols )> dalllas )50 s il g
olasl alayly cpl 5l eolainl b il diges poes N g (lineb] aliols
3¢ 10 sluws oy luebsl (gl g dol cawdas 65 i ol gl wiges
Bblis )3 (53Las Ml joboty 5 40t Aslicuay 75 imy i

1- Cochran
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5 eolazwl +IMPACT 2002+ V2.12 / IMPACT 2002, s,
Sl ams slaasls ) ool cuS 5 cul )5l 5l an
8 )5 b S e doly S 3l diws layadls )

tpr Bl o Sy gl 3510 (595 2 )l Sllllas
.(Khoshnevisan el ol a6 4 5l 4w glaasls

Sy ol bausgio Jliko 5 (295 9 (52939 sloosleg =1 Jgr
Table 1- Inputs and output and their average amount per hectare

olgs wly S, M olgs sty SRl
Title Unit  Amount per ha Title Unit AmO;.I];]t per
laosls el 24
Inputs Planting
» kg 89.9 . 8.44
Seed Spraying
el m? 25105.9 JB 5 o> g cuiby 60
Water for irrigation Harvesting and transport
‘;’V‘«;—*#“:’L" kg 12.9 (u?”)?) lhord poss kg 0.8
Machinery Insecticide (Phosalone)
7503 8.18 A KWh  12163.9
Tractor Electricity
p LogdgS
(f'gwia s 02155) Sl 0.58 Chemical fertilizers kg
Tillage (Plow and disc)
Planting (row drill) Nitrogen (N)
(Uilsew) il 0.67 s 67.8
(Spraying) Phosphate (P,Os)
JB g Jo g (i 59,0) by e 355
Harvesting (plate harvester) and 3.2 o kg 4960.6
Animal manure
transport
3> g kg 87.33 SN o H 539.2
Diesel fuel Labor
. 9§L'> (“"‘919) Z15 l‘ ‘\7”9‘) ol
b 16.47 Outputs (alfalfa contains moisture kg 14719.5
Tillage 15%)

500 9 100 ‘20 duo)9) dl)_) J‘—"}’g{“ s odlat] ‘39“:’& ]927
Al Lo 090 o adld ol ddalllas ol 13 0 dulee dlw
elie A 055 gan il atws (Guinée et al., 2002) 4 dwlxe
e Joli) (g el i a0 b i silyo b
hagrge 4 33,5 0 3l (0,08 9 0L (g5l pld s wile (55!
oM (£5) y Cunj by e 13 depge caw dlgo il ¢yl
23 o g 1y ol
(§9) )= (o— .319_,9 CJI)_JI a D)l_ut’l SLs L.A.\AM
sk 058l Il plad eglanlyys GLas0)b (e (slapusss]

g oo basyo il (oD 4y &S 53] sladiws dor Mo

N3 gl (G595 sloJlo SIS basie) DALY! o)y L
Alwd Hlas iy o=l 3=k .(Khoshnevisan et al., 2013c)
e 9 lomacl i oimsgST EgdS (sl (oMo
2 OLdpalie bawgio g (295 5 (939)9 (Srodles L drwlxe
aos W5 LS5 B aals Sl iy s o i
g allao ol o a5 000 5l sloyise 5 1 Jgar o i) Ky
irlasS Jemwilty sosdl 2 Jgin 53 35 ng ot slasly
Mg glaaibole jlasl Lasl sl pre ol jslaied o5 Slex

1- Disability Adjusted Life Years (DALY)
2- Life Cycle Inventory (LCI)



123 L plisd sl 5l eolinwl b (Soi¥T ofjme s iy 9 d2ies ddsi (i} 452 i)l

obe ol 25k cans p a3 Ls ol Sloy ol (55)5La8
uT S 89y l) CJI)_J‘ &|9_J| ‘u.\_.w d.ia._wl DJ.A)YT .59.\»&
oL ol 2ol ola sl SOz p)SskS ol ) Slazsle

.(Khoshnevisan et al., 2013c) >, ,5'4

Ol g &S 1y b gdse ¢y (oYb sl i (Jesecas
Joas Uy s L gl g s P) i 5 (N) 530
Sy 31 S el 558 S5 298 0 e POST oS5k
S9) 2 =y 595 Jres dlugan ol a5le (olend CLS
oSty bS5 cpl asb o ddsl ol (glea L oY
Y gae (pixen g bS] 5 lusl (oM 4 Canl (Se

$ySoilul lassly 5 5 (laise -2 Jgsa
Table 2- Environmental impact categories and measurement units for each category

Pl g isy Ol ylaisl asly
Impact categories Nomenclature Unit
Sl Ghlef Juls GWP kg CO; eq.
Global warming potential
Abiotic depletion JI & e Julss AD kg Sb eq.
Abiotic depletion (fossil fuels)
“M “5“\.#”‘ iz . AP kg SO, eq.
Acidification potential
b3 LSl Jeully EU kg PO, eq.
Eutrophication potential
ol Casgme sl HTP kg 1.4-DCB eq.2
Human toxicity potential
Terrestrial ecotoxicity TE kg 1.4-DCB eq.
sliessiS (gplinn| PO kg CzHa eq.

Photochemical oxidation

L Consideri ng for 100 years
2 pcB= dichlorobenzene

riiio SLigel jlado NHg 5 )iy p)S5LS s (b
Al oo JUSa )T ohS Cuns p (Fre 395 3 )8l am 0

drslo |y lgn & aSlgige (139555 (3 Uil e (3) alaly
:(Nemecek et al., 2014) xS .~

44 14 14 14 3
N0 =52 (0.01 (Nm + Nep + 5 NHs + ENoz) +0.0075 x azvos) 3)

239290 55955 Nor Il g (Sdne 398 55 IS (539,25 Niot

il NOx «Slsgal B 53 59,5 ©lals NHg o Jgasee <Ll
B 5> gt Sl NOg 5 (59t sladenST B > (590
Jols lod slacdgu oy g ) aljLasl claoan VT ol L)
U39 gd ‘JL,;}J (olie cdewSlied yodlgw cdpuSligd (op)S
s ST Ll awl>e Iy .(Nemecek and Kagi, 2007)
So y wcuys ol Bolle i odlinl 0/012 o ps ) 59525

Caol 005 48,5 L5 )3 Allars o)y K sl

el sl

PSS g Ol dya a4 jLisl Jols assg cussS” 5l ol Ll
Jolis addllas pl ) oiid dpwloes (lon & cl)lics] bl o as)ie
0390 {NOy) (559, (slataST ((NHg) Shisgal L]
LS 1 il (CO) (ot 20Sle53025 5 (NO) uSign
(SO2) spuSlie> yoilges el (32)8 Ll il (alard 365
3 (CoHo) 01512 5 Sligel camSlsine 03555 6 {CHA) e
yisie Sligel jlade dulre (sl bl o lowd g 0,18 ]|
Nemecek et al., ) couwl oas osliiul (2) alal, jl 1y 4 ond
(2014

@

M
NH; = g;[mm X P+ By % (1= p) % Ny
$Liy5iS1 s ey EFby g EFam 055 g5 M o] 48
D 7 sl 13551 5 7 (5lamoyiSnss PH Ly SIS 55 L]
ino 355 Noin T s3lose 5558 PH L glacSls J (g
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IS 69909 M ygrg i d s 18 (gl loisngys JS 53 (55,5L8
93 Halond 395) (555l Jsarme g il (S S8

$39s M mg.(ha.year)™ cows 1 (b iScdl

deposition, i
b o Mg.(ha.yean™ cus y o> Cgw) i 5 S
Sl adllas ol 53 (g3p5liS’ S & asily Ll slaonsy VT
SB o odds piiie pSiw OlHs 039y b iS il g uSiw l3ld
oS 2b oo @redlS g pg)S e ey 09 89y Jolid (55y9LiS
'(Nemecek and Kagi, 2007) w5 ausbxe (9) alal, 51

Mgy = (Z inputs, — Z outputsl.) x (4,) ©)
SLs sb i S 3, Ll Msoil,i 9 alal,
oaass ,gSLs Al mg.(ha.yean) ™ cus ;o (5jysliS
355) 65,5t LS Jsb 4y Lagagyg JS D inputs,
JS D OULPULS, (s + i+ i Sedl + oy s
o +Jgame gLl gadg Guese) Sl a2
oS edl ellinl wogilsT Sledbl (Sl s axil oo (sl
4 S e 659l S 4 ond gblw o3l 317100 lgiea
Ol Olsies o i p2 53 o Al 03le (e (dmy sl 03
(Nemecek and Kagi, >4-5 - 48,5 , 1o 5 S5 4 Lzl
09,5 45 39 (y9ligs adllae cpl 3 (Syan (iSopia 2007)
P sloosly A8l oo aud g5l cgplanus il 10 0T olasdh
B g pploges 1381 £33 3l 04 drwloe e )L g 4yl

A el a5 y90 (sla Julos g 55 8.0.5.13

sledse g colps 4 oy b Jasecun; ol)lisl ol
05 Al (430 05l553) dilolus jpo 60gdzme (3 yudl o S
L 39 S elod 5 0ad g plasw il 3)ly s 3550 3lie
sy Sl &S g3l elaaiwd oy Hlis wYle jgye .28 )T plodl
2l Bad Qlbal adllas oyl 45 dovig e st j <l )il
o]y osMe bl |y gla, iy 3o pd] 005 plool Slallas
&y 45 55 CML-IA baseline V3.02 / World 2000 i,
OYls p D sy p pald b Ol 3l sladiws duloe
28 5l sladios a5 6oy oL (2004) Sen g Oy g
&5 LCA ailllas Sy plosl 3 1y i oy i smsbasl s 185 Y
.(Brentrup et al., 2004) 1S .

() (R g 530 £ ki) il
Cogaie aole an |y (6090 Gluasuin & Cul Jio sl

ls8 5l lasgoone an ) (93959 Cugiae &l (MFS) (639)
Slastie ( 29y Olasuie ) lacgeme 4 ) opilg olST- 31
P> Cogie gly g (MFS) (295 Cogae ly 4 ) (295

o 05s s slanST 5l pSsks 0012 5500 (alls il p Soks
UST 55 b 15> (08 Ll s 35 o e g
(Nemecek 15 &8, 55 1 oyl 35 5 55k o (sl & p 55k
Gy A wSled o9y S sl adllas ) p> and Kagi, 2007)
curs ol glas )y 84 0T Coys 65 o 5l b
15 30u816d 00 S5kS UT 5500 5505 S ol 4 o
S o Al ) MaSligd (S laied 5 0SS o
.(Mousavi-Avval et al., 2016)

0ds dpwlixe uojp g o O 4 4l Lisl claoas Y
alils o (POS) @liwd (NO3) clyig Jols aalllas oyl y
5 (C1) 555 (CU) s (PD) oo {HO) g5 {ZN) (55 (oS
(4) alayl, .(Khoshnevisan et al., 2014a) 1l o (Cd) paodls
du_wbu I) U_M.o)))) 9 u_‘x]a_w u] 4 oJ._M))MmuLn.mS )‘..\.Qn
.(Nemecek et al., 2014) .S .~
Pgw = (Pgwl x F:qw) (4)

2 o) Ol 4 odd o3l guitand P cgeS Py 4) dlasl, 5
Ol 4 005 031 gty P 0S5k cueS Py [kg.(ha.a) "] e
€25 =B Oy sl &8 el ool i S sl (e
155 Fgw a3k 0 0/06 s ljale ¢ ol @le (gl 5 0/07 ply
(5) atal, 3l as aib o Jgloxe gty 23365 (Slp puiai
oS 3L oo w3land 398 I 51 S PoOs )] )3 45 34 o drulxo
Py 4 P05 s sl Lo ol 0 odlisl @olo &g
. 62 “ .
Poyse N Ty ks e
02 5
Fgyw = 1"‘%(13205;1) ®)

o 3 48 Cwl 01 dnle (6) sl 5l @lyzg Hlissl lads
Oiris 2oy N ep)Sels Cons 4l Lisl wlyns jlie NO3
a e . 62 PN o
28l g0 gy po il calus 79 08 5 (y3gm 58 o Ll
.(Nemecek and Kagi, 2007)
62 )

NO3 = (N) <03 x —
5= (W) %03

Nemecek et al., ) couwl oxs odlazal (8) 5 (7) Ly, 5l (o

(2014
Mleach,i = (mleach,i x Al) (7)
(Magro,i) (8)

A =
i
(Ma_qro,i + Mdez)osition,i)

Lf “Q‘J)—'° i U“i‘—“’ )13 )l““""| Mleach,i ‘(8) 9 (7) ]@.19) »
bwgie lade Mg, mg.(ha.year)™ cous ,o (y9lis

L6959 whw lym eSS HeSh A d S 36 Ll
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e gl ailolus 3 eoliiiusl b (Suu¥T (500 (s 9 Aigt Wi (SWj 4552 b3

ool Y gy Jobi 3930 0200 1 S 53 o8 ] IS

L bl 0 premad SO L asly jlade gy (208 S oy
sl ((Khoshnevisan et al., 2014b) 1S o Ja5 (295

layerl layer2 layer3 layerd layer5
Y v v y y
A i’i
X ), 07, w|f|
A; Il N )— “
fs Il N 2
y e o, TT w,f,
Xy
ot ISl -1 S

Fig. 1. The overall structure of ANFIS

S 5 ke et oul 1 (S 05 Jlos! Je 3 i
(98 (S5 (9> (o) Coguas b gy ogas ply
sbaghy) (s b cull) (293 Cugas b gy (M90S 5
(Naderloo et al., bSgl slass o Ll g b 4 pod) (g 5loding
2015 wseus o Jjle 5 5l ] slay e sl jglateds .2012)
A ool

ciliee (sl by el (slo e €8> olie 25 sl
Lt @l ye (155le didy) g (MSE) Lias cliayye 5:550se
o) Ao (563 (12) b (10) Laslg, .39 0 o3l (RMSE)
(Ramedani et al., 2012; s> o Ll la asls
:Khoshnevisan et al., 2015; Farjam et al., 2014)

n o — A)2 (10)
R= \/1— <Z—‘=1(p‘ A) )

n 2
i=1 AL‘

1
MSE = ;Z(PL - Ai)z

1
RMSE = /ZZ(Pf —4)

M N g 2l aeyio el sl Sl ivle)S Sl (Bl
s ang o dlogl judl gla Jis cowl clalie J$
Colps ) g B dwlio wa b osd D p31 olol cla asls
) 61)_) l_{bu_>| » DSM.C J.).))f ul}u.)l L)u.A.QJl J..\.o P8
(t-test) t o903l 03d (3l Jae 5 (255 slmodl p duwlio
Sildde g 225 sloodly (:Sle (s ply yio (25 a Pl

..)9). R W)

YY) S (o e Cugias @l I gy @Y oyl

bl Al e (orlin (g3l @B a ey gie @l (jlogsjlb
Adl oo JSb et g (e ugas @l n i) <
Joleo gBly > o8 cud (9399 Gla Ui 2 p9d &Y (295
Sl obazg S pow Y (0518 4Y) Litn (3l ST s
Y (gilw ey aY) cal L8 &Y oud ojley aS w0
S 2ep ey A (295 Mibe loil s 4 p)le
4y aslllas oyl ,> (Khoshnevisan et al., 2014C) cool g
Olsieas o pao slaeslys (ST lio 5l Jso plosl gl
M55 €O, p,55L8) e islesS Jomsily (o315 5 Jao (53539
2 Jie 295 dlyiear {sads s pSskS o (il 4 0
Gt 3 3 o i o5 sl L) e 3gd e 45
ol Vb Comnl (lo e 3 (295 Olgisar ST gladies plo
0a3ls S g adl e Ol S ol Sldllae > I ise
(e 3 )Slae pasls aulie (sl logos o cuul e
8399 slapsio dlias ((Joseph et al., 2015) cul suis odlizl
595 cdiamnn yiSI )58 ¢ g )lol T )l Jold dae 03 aulllas ol )
9 Ji2> Cds (Sl 395 (alend pgow &ilind 598 (3]l
bl ol g As (gduatd 09,5 g 50 a6dg)9 39 YT puisle
iy ol A S5 2 IS5 Gillas ekl S5 Cbn
bl gy 95 L silede s (nye & (alitws Gl
Wb dlio va b gl 5 0D sl C-means 14;)A—k Jolize
4y 5 (K710) S (el o2 S g s (sl Lmod o3 03351
slass jialS g aSid ey il Bl jelaieds ey 4 g0l (slp
1y slizee Olpss (el Jbo cnyiee 4 ey Cals 53 g allas

1- k-fold cross validation
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Water A .
ANFIS Estimated
> s
- 1 value 1
Electricity W
Machinery N A . p
ANFIS Es-tllmat;d L ANFIS Estimated
Diesel L 2 value value 6
« \
A ANFIS N Estimated <
3 value 3 ANFT Predicted
Phosphate | W S WP
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Seed S A 4
ANFIS Estimated K
4 ™ valued - /
Labor _w A
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Potassium » = gl
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Poison -

g g ol » Gl Giile)S Jeily ot sl el Jbo Gyt 3 Le =2 S8
Fig. 2. The topology of the best ANFIS model for prediction of GWP in alfalfa production flow

sl SB &y 03,8 pkitte Ak 5l by 48,8 SIS 5l Jgarea 45
slagisn 3 S g 0gill et il polia 4 Jguo

Aomd o Ui 1) g osg S SO il oas oy il
ssbolan g S 53 p)55Ls 14700yl aomigy 3,Skos s
caliso Jolye 50 S s 1S odles 3gu5 o0 0> 3 S5 j> oS
Jlazid (sl by gigag il (sl ey caer Jgamme (ol Wy
Oyl 425,815 o3l 5,90 (5,9LS slaoly I
sle)ds ookl )y (Jamecuns sadld (g9 2 1) pre
Golal Gl rmlie JSal, lgioe (S 42 pglie g o o
olad 5 Ly 0l a0 ) 208 oolil aoes )3 g y2a8
b (ST s s sl sl 2 4 3l sla o
5 2928 el gy 48 ladllae )3 03l o At ySU 03y
slajl5 ,Lisl g (6399 5500 2Lojyl Baa b (2016) e
03lgs j5 €85 plowl s dilais )3 amigy W5 5l glalls
ol SaVT i 0 1) et ooy A7, apew b i S
st Ol it e yiSJ1 51 an L(Asgharipour et al., 2016)
ST 53 (VU s 59 M5 5l 8L de e 55 008 dsuwloxe
i S ) i (s> 3L 31 s 9y 2 o1 b g 20
e abs 15l ad @i > Sloe 595 pil il jrin on
0Pyt g (2lendgid (gmlianS (0 (hl (Sl ale )
dilate )3 oS ol S5 4 p5Y LBl e 4295 B sl Crogone

aadg aul gl ety ol A b))
ol 0aal 3 Jgan 3 S g Ol o 4 oLl polie
doa 4 dalisea Ll Gl > oo 3 Jgdo 3 & poblen
2 eSS BTTNAZ oo b 5518 51 (b s MmN )8
oS sl o 3lacm g0l )1, 8 loa 4 clyliasl juo s )lisa
2 PSS 269/31 Jaie b s cdgw 3,8 5l 5U S (6
oS Hial YU Jlde cde )b |y lea 4y clyLisl pgs 03 ) liSa
4285 495 ol 2205 G 5 ) Il Al dusSleo
56/48 Jlaie b @lyzs ail o Joasee cudldy dls yo 33 Lo guase
9 Jol Sgmwge ol 1y Ol e Ll lade oy iy p)SohS
» S asecin; il 3)90 3 1) (slanlllas (2016) )1Sen
PSR IICH VI Ltn"j Oikgh 40 aS Wb plool )il bl
Cuond y3 il 1y O & @l ade oy p)59lS 204/24
euSlied 0,8 il & bgyge yolie (i 55 lea & <l L]
51 5 15419 L ity (65595 (s 3 o9l 355 55 ) 20
091 395 31 (8L duSlied ()8 VL Lalog SUSs oS olS
SWllas adlaio > IS cusS” gly 09l 555 5l oL 5 ealaswl Jub> 4
S @ ol ey .(Mousavi-Awval et al., 2016) >4

Slog s Hlads a8 cul OT Sl ogn 3K 38 gl ale lade
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U oled slades 2011; Mousavi-Awval et al., 2016)
@ adllas cpl 3 (Jg wzah Slea plale)S (a3ls 9y 2 2V
o hdsle Y g plo 4 Cus Wb Jgans o8 5L
25 (S Oioris Sl Caols e @) oliend sladgS
5|yt odlatul Boe 53 g (obowd ladgS ;I oS ealaiwl aes
ialeyS Jowily (a3L3 (555 3 (plrerd lodsS 3l Sl 358
Opmed Laodles i1 4 (63 awd el ol (S Sl
g dlinad 5 Sl aliowd ladgS copmile ¢ Slg 95 cdipun S
O] Caagomna (a3ls )l 2V 58U o1 59y 2 290 5
U9y g Sl 5 (b sladgS Bpae Cy pde il o
il et Sl (el g5

IMPACT 2002+ V2.12/ IMPACT _55, L ] 1)
g e odund JS b 95 Jedn 3 ol g ab plos! +2002
p55kS 12800 1y, lomgl Sy (Sl ko aits o a8z
= A yiSU &S 3945 o alanMo 4 JS5 )3 .03L 0 CO, Jolre
ly )»b oy pimnsS| CainS a4 coml (sladiod den (g9,
@ byoye pwl ot aiuamwsS] CuiS ol atwd 55 )
WA PP W U P RPN SV I FI TS PR P S Wvd]
Ml (adld 59y y Slo 355 9 lae)je padtens O Ll
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o 355 @lho g 52 9 Ol puedd sl > 93 (59 1 Sloe> 38
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g

Table 4- Values of the potential environmental impact
for a hectare of alfalfa cultivation

ﬁ‘lgs%&':v Sl oy
mpac i
categories Amount unit
Sl gielesS Jeily 13373 kg CO; eq.

Global warming potential

Abiotic depletion JI,¢ xbe Jl&s  0.015 kg Sh eq.
(ul““s C"’?’“’) LJ)"’C é‘.h" J"L"’ 205169 MJ
Abiatic depletion (fossil fuels)
O el Jonly 906 kg SO;eq.
Acidification potential
2l L] Jeily 198  kgPO,eq.
Eutrophication potential
Lobudl Cumgons Jonily 2054 kg L4-DBeq.
Human toxicity potential
SE Cuogonne 387 kg 14-DBeg.
Terrestrial ecotoxicity
tlondad (gplins]
Photochemical 3.84 kg CoH, eq.
oxidation

SdsS it Sla sladsS jl o g (b ) Sl
39500 NSy Sid oy Y gano g 94 g0 03lisel (ploesd
399> (alerd sladsS Jy JiSo 1 (5D 90> Jlg> sleoss)
53 oo o5 3,0)8 s 4 (Llosds B yune HliSa 3 p,55LS 110
Owb Gyas L'j JLid 45 (65,51 sl (glasyi0 1Siis Sldos
Cg 9 (5598 Smdle wrw daidle by Jp> cdgw
ale (el b anslio jd j2aS 3,8 s 4 (Sau¥T > 5o

Bl oo peSeda (e s S]]

wig S S slae o wuiiune ol L] -3 Jos
Table 3- On-farm emissions for a hectare of alfalfa

olane SN (LS 43 0,5 9LS) Jludo
On-farm emissions Amount (kg.ha™)
lo 4 Lzl (1
1) Emission to air
NH; from urea 10.32
NOy 0.51
N,O from urea 1.11
CO,, fossil from urea 66.57
CO, from diesel 269.31
CO, from labor 377.42
SO, 0.09
CH, 0.01
N,O from diesel 0.01
NH; from diesel 0.02
CeHs 0.001
o 4 Lasl 2
2) Emission to water
NOg" 56.48
PO* 4.32
Cd 0.00002
Cr 0.07778
Cu 0.00200
Pb 0.00008
Hg 0
Zn 0.00990
Sk 4y ,Lasl (3
3) Emission to soil
Cd 0.00615
Cr 0.07259
Cu 0.00265
Pb 0.01110
Hg -0.00017
Zn 0.06149

Jolss 5515 13373 o islesS Jewslty sl i

Oiale)S Jansily yi5u ) dtpuny S g Al g0 2pSTisd o )S
s SHLE Tl g 5 Sl 0352 Laosled ol Gl Sla
Jrd C g b (9390 U5 g (Gle> 265 sl AJg5 aoigy ]
i ollllas 1381 5 wilesls (L 3¢5 511y ()38 ,80 oyt
(Khoshnevisan et al., 2013b; Nemecek et al., os_s slso!
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percentage of damage category
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&
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©
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s ﬁ =
&
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{GLO}| marketfor | AllocDef, S

M Direct emissions

Sy ae lSa S gl 4 ors Jlog il slajise -3 IS
Fig. 3. Normalized Impact categories for a hectare of produced alfalfa

Table 5- Damage category values for one hectare of alfalfa production

P Jlase aslg
Impact categories Amount Unit
sl CeoMs
o 0.0101 DALY
Human health
gyl e
A 12800 kg CO,eq
Climate change
- ‘ - o
presS] CuheS 6530  PDF*m2*yr
Ecosystem quality
Lo .
¢ 208000  MJ primary
Resources
100% DElectricity, low voltage {IR}| marketfor | Alloc Def,
S
90%
@ Poultry manure, dried {GLO}| marketfor | Alloc
80% Rec, S
Agricultural machinery, unspecified {GLO}| market
70% for | AllocDef, S
60% @ Organophosphorus-compound, unspecified {GLO}|
market for | Alloc Def, §
50% m Diesel {RoW}| market for | AllocDef, S
40% mPhosphate fertiliser, as P205 {RER}| triple
superphosphate production | Alloc Def, S
30%
W Urea, as N {GLO}| marketfor | Alloc Def, S
20%
O Grass seed, Swiss integrated production, at farm
10% {GLO}| market for | Alloc Def, S
0% 4 W Direct emissions
Human health Ecosystem Climate change Resources

quality

g MWy lSa S S)lud ol (0 —4 SIS
Fig. 4. Evaluation of damage assessment for one hectare of Alfalfa production
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e Ly el 3L e eCalep 0 B a5 Gialeg] s
3 sl aSs (S p0 ol Jeols el oel 2 S5 3 oS ol
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Table 6- Parameters of the best k-fold and C-means models for prediction of GWP

Cogas g g4 295!
olgs Membership function type Sl dlaxi S5l
Title 8599 9y Epoch number Learning

Input Output algorithm
L oo = S5 40 -
ANFIS 1 Linear Bell Hybrid
2 il ks M55y 10 T
ANFIS 2 Linear Bell Hybrid
3 el s SMsSS; 20 e
ANFIS 3 Linear Bell Hybrid
4 i ks S5y 10 T
ANFIS 4 Linear Bell Hybrid
5 e ks M55y 10 T
ANFIS 5 Linear Bell Hybrid
6 i ks M55y 10 T
ANFIS 6 Linear Bell Hybrid
7 el s SMsSS; 20 e
ANFIS 7 Linear Bell Hybrid
8 i ks S5y 10 T
ANFIS 8 Linear Bell Hybrid
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Sk pileyS Jewily (ylie i sl C-means g k-fold slaJae oy pins Sluoguas =7 Jgdo
Table 7- Characterization of the best k-fold and C-means models for prediction of GWP

R MSE RMSE
Joo £95 g 9 o990 9 ohje0! 9 959!
Model S0 S S S5 S S Js S S g5
type Train&  Check Total Train&  Check Total Train&  Check Total
check check check
Lol 0.388 0.486 0.413 2177 1.553 2.231 1.475 1.246 1.494
ANFIS 1
2 0.988 0.754 0.989 0.058 0.013 0.060 0.240 0.114 0.244
ANFIS 2
3 ]
0.605 -0.538 0.612 1.590 0.243 1.666 1.261 0.493 1.291
ANFIS 3
= b o 0.967 0.198 0.968 0.164 0.078 0.168 0.405 0.279 0.410
S ANFIS 4
- .y
= S e 0.477 -0.057 0.826 5.208 2.410 0.870 2.282 1.552 0.933
ANFIS 5
6 et 0.996 0.964 0.997 0.019 0.008 0.018 0.137 0.092 0.134
ANFIS 6
T e 0.926 0.539 0.975 0.387 0.062 0.132 0.622 0.249 0.363
ANFIS 7
8 et 0.974 0.972 0.983 0.149 0.992 0.107 0.386 0.996 0.327
ANFIS 8
Lol 0.767 0.790 0.776 1.039 0.263 1.059 1.019 0.513 1.029
ANFIS 1
2 ]
0.977 0.924 0.977 0.164 0.034 0.175 0.405 0.184 0.419
ANFIS 2
3 s
0.727 -0.510 0.726 1.185 0.415 1.263 1.089 0.645 1.124
ANFIS 3
< 4o 0.979 0.238 0.979 0.105 0.322 0.109 0.324 0.568 0.330
8 ANFIS 4
£ "
O S e 0.385 -0.470 0.494 2.363 5.616 2.030 1.537 2.370 1.425
ANFIS 5
6 s
0.997 0.996 0.997 0.017 0.011 0.017 0.129 0.105 0.129
ANFIS 6
T e 0.987 0.366 0.989 0.063 0.149 0.060 0.250 0.386 0.246
ANFIS 7
8 s
0.999 0.956 0.999 0.006 0.007 0.007 0.080 0.081 0.082
ANFIS 8

oalal b (63,9 (sla gl (bl p (sis jmw 3Sdas Sy i
plie 28,5 50 (2014) o)lSen g ol gis Lo il |
obomdl L3l o0 sl MAPE 5 RMSE R (sl jasls
(Khoshnevisan et sl cussa 0/200 4 0/029 0/987 sy
Sy il 5148 (2012) )y § oJpob adlllas > .21, 2014C)
ol ol g3 Gl )3 (ol puiS 3,Skes (it
MAE' ;RMSE R pslie Jae cpyigg 5 3,8 oslisiwl (3459

1- Mean absolute error

RMSE 5 MSE R (sl jasls yalis 7 Jous il Mo
e pa kfold gy sl ol IS &y bgsye (aled el sl
=y e ey C-means o, slp 5 0/38 4 0714 0/97 L1,
=l C-means g, cul msly a5 Lok . 0/08 4 0/006 0/99

Db oy
275 sodl y dunlie ayyp (gly a5 tESE g0 5] ams
0/9987 (p-value jlaie 4 59 ol a3 plowl ond (il e 4
slodly (1Sl o Sglis () gxo et 0118 Ly &S 2ol Cawday
Ban b oS gladllas p3.08b o (0205 sodly 5 0l (gjlw Jde
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Fig. 5. Coefficient of determination between predicted and observed GWP for the (a) k-fold and (b) C-means models
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Introduction

Agricultural productions has been identified as a major contributor to atmospheric greenhouse gases (GHG)
on a global scale with about 14% of global net CO, emissions coming from agriculture. Identification and
assessment of environmental impact in the production system will be leading to achieve the goals of sustainable
development, which would be achieved by life cycle assessment. To find the relationship between inputs and
outputs of a production process, artificial intelligence (Al) has drawn more attention rather than mathematical
models to find the relationships between input and output variables by training, and produce results without any
prior assumptions. The aims of this study were to life cycle assessment (LCA) of Alfalfa production flow and
prediction of GWP (global warming potential) per ha produced alfalfa (kg CO, eq.(ha alfalfa)™) with respect to
inputs using ANFIS.

Materials and Methods

The sample size was calculated by using the Cochran method, to be equals 75, then the data were collected
from 75 alfalfa farms in Bukan Township in Western Azerbaijan province using face to face questionnaire
method. Functional unit and system boundary were determined one hectare of alfalfa and the farm gate,
respectively. Inventory data in this study was three parts, included: consumed inputs in the alfalfa production,
farm direct emissions from crop production and indirect emissions related to inputs processing stage. Direct
Emissions from alfalfa cultivation include emissions to air, water and soil from the field. Data for the production
of used inputs and calculation of direct emission were taken from the Ecolnvent®3.0 database available in
simapro8.2.3.0 software and World Food LCA Database (WFLD). Primary data along with calculated direct
emissions were imported into and analyzed with the SimaPro8.2.3.0 software. The impact-evaluation method
used was the CML-IA baseline V3.02 / World 2000. Damage assessment is a relatively new step in impact
assessment. The purpose of damage assessment is to combine a number of impact category indicators into a
damage category (also called area of protection). To assess the damage in this study, IMPACT 2002+ V2.12 /
IMPACT 2002+ method was used. ANFIS is a multilayer feed-forward network which is applying to map an
input space to an output space using a combination of neural network learning algorithms and fuzzy reasoning.
In order to enable a system to deal with cognitive uncertainties in a manner more like humans, neural networks
have been engaged with fuzzy logic, creating a new terminology called ‘‘neuro-fuzzy method. An ANFIS is used
to map input characteristics to input membership functions (MFs), input MF to a set of if-then rules, rules to a set
of output characteristics, output characteristics to output MFs, and the output MFs to a single valued output or a
decision associated with the output. The main restriction of the ANFIS model is related to the number of input
variables. If ANFIS inputs exceed five, the computational time and rule numbers will increase, so ANFIS will
not be able to model output with respect to inputs. In this study, the number of inputs were ten, including
machinery, diesel fuel, nitrogen, phosphate, electricity, water for irrigation, labor, pesticides, Manure and seed
and GWP was as the model output signal. To solve this problem and employ all input variables, we proposed
clustering input parameters to four groups. Correspondingly, the proposed model was developed using seven
ANFIS sub-networks. To obtain the best results several modifications were made in the structure of ANFIS
networks, and some parameters were calculated to compare the results of different models. Making a comparison
between different topologies the employment of some indicators was a pivotal to get a good vision of various the
structures, such as the correlation coefficient (R), Mean Square Error (MSE) and Root Mean Square Error
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(RMSE). In addition, for checking comparison between experimental and modeled data, the t-test was
performed. The null hypothesis was equality of data average. To develop ANFIS models, MATLAB software
(R2015a) was used.

Results and Discussion

Impact categories including Global warming potential (GWP), eutrophication potential (EP), human toxicity
potential (HTP), terrestrial ecotoxicity potential (TEP), oxidant formation potential (OFP), acidification potential
(AP), Abiotic depletion (AD) and Abiotic depletion (fossil fuels) were calculated as 13373 kg CO, eq, 19.78 kg
PO, eq, 2054 kg 1,4-DCB eq, 38.7 kg 1,4-DCB eq, 3.84 kg Ethylene eq, 90.64 kg SO, eq, 0.015 kg Sb eq and
205169 MJ, respectively. The results of damage assessment of alfalfa production revealed that electricity in three
categories, human health damage, climate change and ecosystem quality had maximum role, but in the resources
damage category was the largest share of damage related direct emissions. The value of the climate change was
calculated as 13373 kg CO2 eq. The best structure was including five ANFIS network in the first layer, two
network in the second layer and a network in output layer. Values of R, MSE and RMSE for the final ANFIS in
k-fold model were 0.983, 0.107 and 0.327 and in C-means model were 0.999, 0.007 and 0.082, respectively. The
p-value in t-test was 0.9987 that indicates non-significant difference between the mean of modeling and

experimental data. Coefficient of determination (R?) between actual and predicted GWP based on the best k-fold
and C-means models were 0.994 and 0.99, respectively. The coefficient of determination for these index
demonstrated the suitability of the developed network for prediction of GWP of alfalfa production in the studied
area.

Conclusions

Based on the results of this study, to reduce the emissions, electricity consumption should be reduced.
Adapting of electro pumps power with the well depth and the amount of required water taken for field will be a
possible solution to reduce the use of electricity in order to trigger of electro pumps and thus reducing of
emissions related to it. In some situations, the type of mineral fertilizer is the main determinant of emissions at
the whole farm level and changing the type of fertilizer could significantly reduce the environmental impact.
Comparison of GWP modeling results using two methods of k-fold and C-means revealed that C-means method
has higher accuracy in prediction of GWP. Also the high quantities for the determination coefficient related to
both modeling methods demonstrates high correlation between actual and predicted data.

Keywords: Alfalfa, ANFIS, Bukan township, Electricity, GWP, LCA, Modeling
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Table 2- Multivariate linear color models used to predict the soil organic carbon in different color space
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Table 3- Correlation coefficient obtained from neural networks and multiple linear modeling in different color spaces
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Num. of model ~ Model Al s ha w5 emas &Sy
Multiple linear regression  Neural networks
1 R 0.89 0.94
2 G 0.87 0.92
3 B 0.85 0.93
4 R,G 0.89 0.91
5 R,B 0.88 0.92
6 G,B 0.87 0.91
7 R,G,B 0.88 0.92
8 | 0.88 0.92
9 H,1 0.88 0.9
10 S 0.88 0.92
11 H,S1 0.88 0.92
12 L 0.89 0.92
13 La* 0.91 0.91
14 L,b* 0.88 0.9
15 L,a*b* 0.91 0.91
16 L,u* 0.91 0.92
17 Lv* 0.9 0.92
18 L,u*v* 0.92 0.91
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Introduction
The color of soil depends on its composition and this feature is easily available and rather stable. Fast and
accurate determination of soil organic matter distribution in the agricultural fields is required, especially in
precision farming. General laboratory methods for determining the soil organic carbon are expensive, time-
consuming with many repetitions, and high consumption of chemicals. Soil scientists use the Munsell soil color
diagrams to define the soil color. Due to the nature of Munsell color diagrams; this system is less suitable for
recognizing exact color of the soil because of weak relationship and limited number of chips. Fast methods like
image processing, colorimetric and spectroscopy provide a description of most physical characteristics of the soil
color. Some of the advantages of using digital cameras was used in this study, are simple sampling of screened
soil, being free from chemicals and toxic materials and being fast, inexpensive and precise.
Material and Methods
In this research, 80 A-horizon (0-10 cm) soil samples were collected from various agricultural soils in west
Aczerhaijan, in the North West of Iran. Soil texture of these fields was loam clay and clay. The amount of organic
carbon in samples was determined. The camera was installed at the distance of 0.5 m from the Petri dish on the
lighting compartment. Captured images with the digital camera were saved in RGB color space. Processing
operations were done by MATLAB 2012 software. The features extracted from the color images are used to
model the soil organic carbon including the color features in different spaces. Four-color spaces including RGB,
HSI, LAB and LUV were studied to find the relation between the color and the soil organic carbon.
Results and Discussion
The correlation of R component in the RGB model shows a strong single-parameter relation with the organic
carbon as R?=0.83. This good relationship can be due to the compound information of the red color component
on both brightness and chromaticity dimension. The results also show that the organic carbon has a relatively
strong correlation with the light parameters, intensity and lightness in the HSI, Lab and LUV color spaces
respectively. It also has a weak correlation with other parameters, since they cannot have a proper linear
correlation with organic carbon due to their structural nature. Results show that the highest correlation is
obtained when the R and G components participate in modeling and the component B is omitted. One
explanation of this high correlation could be the high sensitivity of component B to the intensity and the angle of
light. Even a small change in light changes this component. Thus, in order to reduce the effect of this component,
it is better to omit it from the models and make models independent of it. In next section, 51 data were used to
train neural network, 14 data were used to test the network and 12 data for network validating. The amount of
soil organic carbon was output of the neural networks that was estimated after training using the color
component values of each segment. To assess the accuracy of the network, estimated values and actual values of
each sample were plotted in a graph. The minimum MSE values were 7.28e-6 with 16 neurons, 3.77e-6 with 14
neurons, 4.8e-3 with 10 neurons and 3.77e-6 with 12 neurons for RGB, HSI, Lab and LUV color spaces
respectively.
Conclusions
The availability of digital cameras, possibility to use it in different situations, being inexpensive and
providing many samples are the advantages of this method to estimate the soil organic carbon amount.
Therefore, digital photography can be used as an analytical method to evaluate the soil fertility. It also requires a
low cost of sample testing, and can provide a good possibility of time and place classification for studying a vast
area. However to develop more reliable models, more effort is needed, such as collecting more soil samples of
different areas that include a wide range of soil features.
Keywords: Digital camera, Neural networks, Organic carbon, Precision agriculture
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Introduction

The extensive use of diesel engines in agricultural activities and transportation, led to the emergence of
serious challenges in providing and evaluating alternative fuels from different sources in addition to the chemical
properties close to diesel fuel, including properties such as renewable, inexpensive and have fewer emissions.

Biodiesel is one of the alternative fuels. Many studies have been carried out on the use of biodiesel in pure
form or blended with diesel fuel about combustion, performance and emission parameters of engines. One of the
parameters that have been less discussed is energy balance.

In providing alternative fuels, biodiesel from waste cooking oil due to its low cost compared with biodiesel
from plant oils, is the promising option. The properties of biodiesel and diesel fuels, in general, show many
similarities, and therefore, biodiesel is rated as a realistic fuel as an alternative to diesel. The conversion of waste
cooking oil into methyl esters through the transesterification process approximately reduces the molecular
weight to one-third, reduces the viscosity by about one-seventh, reduces the flash point slightly and increases the
volatility marginally, and reduces pour point considerably (Demirbas, 2009). In this study, effect of different
percentages of biodiesel from waste cooking oil were investigated. Energy distribution study identify the energy
losses ways in order to find the reduction solutions of them.

Materials and Methods

Renewable fuel used in this study consists of biodiesel produced from waste cooking oil by
transesterification process (Table 1). Five diesel-biodiesel fuel blends with values of 0, 12, 22, 32 and 42 percent
of biodiesel that are signs for By, By, B2, B3> and By, respectively.

The test engine was a diesel engine, single-cylinder, four-stroke, compression ignition and air-cooled,
series 3LD510 in the laboratory of renewable energies of agricultural faculty, Tarbiat Modarres University. The
engine is connected to a dynamometer and after reaching steady state conditions data were obtained (Fig. 1).

In thermal balance study, combustion process merely as a process intended to free up energy fuel and the first
law of thermodynamics is used (Koochak et al., 2000). The energy contained in fuel converted to useful and
losses energies by combustion. Useful energy measured by dynamometer as brake power and losses energy
including exhaust emission, cooling system losses and uncontrollable energy losses.

Variance analysis of all engine energy balance done by split plot design based on a completely randomized
design and the means were compared with each other using Duncan test at 5% probability.

Results and Discussion

Results showed that, in general, biodiesel use has a significant impact on all components of energy balance.
Of total energy from fuel combustion, the share of energy losses to form of exhaust emissions the maximum
value in all percentages allocated to biodiesel (Average 51.715 percent) with the maximum and minimum
amount of B4, (55.982 percent) and B, (46.481 percent), respectively (Fig. 2). Also, fuel blend with 12%
biodiesel was diagnosed the best blend because of having the most useful power, having the lowest energy losses
through the exhaust and cooling system.

Conclusions

Using biodiesel produced from waste cooking oil by transesterification process, lead to increase the useful
power. The addition of biodiesel to pure diesel cause to significant reduction in the waste energy due to friction.
In higher amounts of biodiesel increase energy losses especially through the exhaust and cooling system due to
higher viscosity.

Keywords: Biodiesel, Diesel engine, Energy analysis, Useful power, Waste cooking oil
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Introduction

Anaerobic digestion (AD) is a process of breaking down organic matter, such as manure, in the absence of
oxygen by concerted action of various groups of anaerobic bacteria. The AD process generates biogas, an
important renewable energy source that is composed mostly of methane (CH,), and carbon dioxide (CO,) which
can be used as an energy source. Biogas originates from biogenic material and is therefore a type of biofuel.
Enhancement of biogas production from cattle dung or animal wastes by co-digesting with crop residues like
sugarcane stalk, maize stalks, rice straw, cotton stalks, wheat straw, water hyacinth, onion waste and oil palm
fronds as well as with liquid waste effluent such as palm oil mill effluent. Nevertheless, the search for cost
effective and environmentally friendly methods of enhancing biogas generation (i.e. biogas yield) still needs to
be further investigated. Many workers have studied the reaction kinetics of biogas production and developed
kinetic models for the anaerobic digestion process. Objective of this study is to investigate the effect of
biological additive using of organic loading rate (OLR) in biogas production from cow dung. In addition,
cumulative biogas production was simulated using logistic growth model, and modified Gompertz models,
respectively.

Material and Methods

The study was performed in 2015-2016 at the agricultural research center of Ardabil Province, Moghan
(39.39 °N, 48.88° E). Fresh cow manure used for this research was collected from the research farm of the
Institute for Animal Breeding and Animal Husbandry, Moghan. It was kept in 30 | containers at ambient
temperature until fed to the reactors. In this study, experiments were conducted to investigate the biogas
production from anaerobic digestion of cow manure (CM) with effect of organic loading rate (OLR) at
mesophilic temperature (35°C+2) in a long time experiment with completely stirred tank reactor (CSTR) under
semi contlnuously feeding. The complete-mix, pilot- scale digester with working volume of 180 | operated at
different organic feeding rates of 2 and 3 kg VS. (m®.d™). the biogas produced was measured daily by water
displacement method and its composition was measured by gas chromatograph. Total solids (TS), volatile solids
(VS), pH and etc. were determined according to the APHA Standard Methods. The biogas production kinetics
for the description and evaluation of methanogens was carried out by fitting the experimental data of biogas
production to various kinetic equations. In addition, Specific cumulative biogas production was simulated using
logistic kinetic model exponential Rise to Maximum and modified Gompertz kinetic model.

Results and Discussion

The experimental protocol was defined to examine the effect of the change in the organic loading rate on the
efficiency of biogas production and to report on its steady-state performance. The biogas produced had methane
composmon of 58- 62% and biogas production efficiency 0.204 and 0.242 m® biogas (kg VS input) for 2 and 3
kg VS.(m*.d™), respectively. The reactor showed stable performance with VS reduction of around 64 and 53%
during loading rate of 2 and 3 kg VS.(m®.d™), respectively. Other studies showed similar results. Modified

Gompertz and logistic plot equation was employed to model the biogas production at different organic feedlng
rates. The equation gave a good approximation of the biogas yield potential (P) and correlation coefficient (R?)
over 0.99.

Conclusions

The performance of anaerobic digestion of cow dung for biogas production using a completely stirred tank
reactor was successfully examined with two different organic loading rate (OLR) under semi continuously
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feeding regime in mesophilic temperature range at (35°C+2). The methane content of 58- 62% and actual biogas
yield of 0.204 and 0.242 m® biogas.(kg VS input™) were observed for 2 and 3 kg VS. (m®.d™), respectively. The
modeling results suggested Modified Gompertz plot and Logistic growth plot both had higher correlation for
simulating cumulative biogas production. Therefore, arising from the increasing environmental concern and
prevailing wastes management crises, optimizing biogas production by 2 kg VS. (m™.d) represents a viable and
sustainable energy option.

Keywords: Anaerobic digestion, Biogas, Cow manure, Modeling, Semi continuously reactor
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10- B-patterns
11- VRP (Vehicle Routing Problem)
12- Real time
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5- Spatial configuration
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Fig. 1. a. Trapezoidal decomposition, b to d: Boustrophedon decomposition using plane-sweep algorithm. Connectivity
of sweep line changes in location of points A and C (as critical points).
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Table 1- Modified boustrophedon cellular decomposition (M-BCD) algorithm
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3. Rutern the decomposition
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4. End
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Fig. 2. Several steps of modified boustrophedon cellular decomposition (M-BCD) in a field with a triangular
obstacle. Numbers 1 to 3 indicates 3-lonegst edges of the field, and Djs are the critical points.
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Table 2- Area coverage cost in term of non-effective distance in three decomposition scenarios
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boustrophedon cellular decomposition (M-BCD)
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Introduction

The demand of pre-determined optimal coverage paths in agricultural environments have been increased due
to the growing application of field robots and autonomous field machines. Also coverage path planning problem
(CPP) has been extensively studied in robotics and many algorithms have been provided in many topics, but
differences and limitations in agriculture lead to several different heuristic and modified adaptive methods from
robotics. In this paper, a modified and enhanced version of currently used decomposition algorithm in robotics
(boustrophedon cellular decomposition) has been presented as a main part of path planning systems of
agricultural wvehicles. Developed algorithm is based on the parallelization of the edges of the polygon
representing the environment to satisfy the requirements of the problem as far as possible. This idea is based on
"minimum facing to the cost making condition" in turn, it is derived from encounter concept as a basis of cost
making factors.

Materials and Methods

Generally, a line termed as a slice in boustrophedon cellular decomposition (BCD), sweeps an area in a pre-
determined direction and decomposes the area only at critical points (where two segments can be extended to top
and bottom of the point). Furthermore, sweep line direction does not change until the decomposition finish. To
implement the BCD for parallelization method, two modifications were applied in order to provide a modified
version of the boustrophedon cellular decomposition (M-BCD). In the first modification, the longest edge (base
edge) is targeted, and sweep line direction is set in line with the base edge direction (sweep direction is set
perpendicular to the sweep line direction). Then Sweep line moves through the environment and stops at the first
(nearest) critical point. Next sweep direction will be the same as previous, If the length of those polygon's newly
added edges, during the decomposition, are less than or equal to the base edge, otherwise a search is needed to
choose a new base edge. This process is repeated until a complete coverage. The second modification is cutting
the polygon in the location of the base edge to generate several ideal polygons beside the base edges. The
algorithm was applied to a dataset (including 18 cases, ranging from simple-shaped to complex-shaped
polygons) gathered from other studies and was compared with a split-merge algorithm which has been used in
some other studies. The M-BCD algorithm was coded in C++ language using Microsoft Visual Studio 2013
software. Algorithm was run on a laptop with 2.5 GHz Intel(R) core™ i5-4200M CPU, processor with 4 GB of
RAM. Also Split-merge algorithm provided by Driscoll (2011) was coded. Two algorithms were applied to the
dataset. Cost of coverage plan was calculated using cost function of U-shaped turns in study Jin and Tang
(2010). In this paper machine-specific parameters were working width 10 m and minimum turning radius 5 m.

Results and Discussion

Based on the results, the proposed algorithm has low computational time (below 100 ms in dataset and runs
many times (on average 75 times) faster than split-merge algorithm. Algorithm resulted in a calculated savings
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up to 12% and on average 2% than the split-merge algorithm. Another consequence from parallelization method
was effectiveness of multi-optimal direction coverage pattern than a single-optimal direction coverage; a
calculated savings up to 14% and 2% on average than a single optimal direction achieved. Algorithm was
evaluated on several test cases in detail. Based on the results, it is possible to loose optimal solutions especially
in the case of simple shaped environments (in terms of number of convex points and internal obstacles), for
example case 10 in dataset, is a case with a number of orthogonal edges. Reviewing the algorithm and Figure 4
demonstrate that sweep line moves down from the first longest edge in top of the polygon, and it doesn't stop
during the process until the whole area is covered with a single coverage path direction (parallel to the longest
edge). As it can be seen, no decomposition is proposed, because sweep line has faced no critical points. Based on
the results in Table 2, there is 8% (equal to 88m) more cost (in term of the non-effective distance) in this case
than an optimal direction and the split-merge algorithm. There are similar cases in the dataset: number 9, 12 and
13. This condition rarely occurs in complex environments, but in general it can be prevented by using an
evaluation step at the end of the decomposition process. Ideally, the cost of coverage plan must be significantly
less than related costs of a single optimal direction. Unlike the simple cases, algorithm returns near the optimal
solution, especially in the case of complex environments. A good example of this ability of the algorithm can be
seen in Figure 6. This field is case 17 in the dataset. It has many edges (almost 90 edges) and several non-convex
points and an internal irregular shaped obstacle. M-BCD algorithm in a very short time (87 ms) generated
several near to ideal shaped sub-regions around the field. Algorithm resulted in a calculated saving of 5% than an
optimal direction with minimum non-effective distance. We can see the solution of split-merge algorithm by
Oksanen and Visala (2009) in Figure 6, it can be clearly seen that coverage pattern by M-BCD is very close to
the high time-consuming and optimal split-merge algorithm by Oksanen and Visala (2009). It verifies that M-
BCD is efficient and optimal. There are similar test cases as hard cases in which considerable savings has been
achieved (cases 6, 8 and 14).

Conclusions

In this paper a modified decomposition algorithm as a main part of path planning systems in agricultural
environments was presented. Proposed algorithm uses method of parallelization of the edges of polygon. This
method is based on encounter concept and "minimum facing to cost making condition”. Although the general
problem had been proved to be NP-hard problem, the method has limited the search space correctly and
effectively which resulted close to the optimal solutions quickly. Another advantage of the method is suitability
of the solutions for any kind of machine and any polygonal flat field (and those which can be considered as flat
fields).

Keywords: Agricultural vehicles, Boustrophedon decomposition algorithm, Flat fields, Field configuration,
Path planning
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2- Super Queen
3- Reusable plastic containers (RPC)
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Fig. 1. Arrangement of lateral and vertical product inside the box (a) and The establishment on the truck box (b)
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Table 1- Analysis of variance (mean square) effect truck, vehicle floor height, situation and location of fruit in the
boxes on the absorption energy in highway road asphalt

Source df Mean square
Oy e Sl Ol olile VA
oseelS T 1 1.084x10” 55.090”
glas,)| H 2 2.088x10” 106.095™
de> Cunge S 1 1.976x10” 100.362"
sl J=e LOC 1 1.406x10® 7.141"
HxT 2 6.495x10°° 3.299"
SXT 1 7.993%x10°° 4.061"
LocxT 1 3.280x10 16.664™
SxH 2 8.147x10° 4.139"
LocxH 2 5.900x10° .300™
LocxS 1 8.292x101° 421
SX H xT 2 3.711x10° 1.885™
Locx H xT 2 2.204x10°° 1.120™
Locx S XT 1 .000 .000™
Locx S xH 2 2.141x10° 1.088"™
Locx Sx H xT 2 .000 .000"
s Error 48 1.968x10°°
Js Total 72
CV. %16.5

S xe NS 3929 pae NS o3 D g 1 Jlessl pdaws )3 jlo sme BMB] 3939 s oy * g **
** * Significant at 1%, 5% of probability levels respectively and n’s there is not a significant difference

)52 il o3l 53 0 i (51 Ao > 1 S i gl >l a5 s Wlite 51 (o dulie =2 g

Table 2- Comparisons mean the vehicle suspension, height from floor box on the percentage of absorption energy in
highway road asphalt

(Height) JiS 51 s (5545 1,5 £lds (Truck) Galss aiamse

Hs H» Hi
248.14 b 209.23 ¢ 173.76 d Ty
295.85a 253.47b 192.76 cd T,

Amd e i 1y (S 905l bawg o )3 5 Jlais! grdaw 3 by Sileo w iglds pae Sl S o by >
Joint letter no significant difference at the 5% level by Duncan's test shows
2 oad ol (5551 03 1 019l (190 4 56518 Cuge 13 (L920l8) el e Blie I (ke duglio =3 Jgua
ol)gf)}g Al obl?

Table 3- Comparisons mean of the vehicle suspension (truck), situation inside the truck on percentage
absorption energy in highway road asphalt

(Truck) e asmw

(Situation) ama (g 5 )15 Cuxdgo

T T
227.42b  180.42¢ o
267.28a 240.38ab S,

Amd e i 1y oSb geil b ao > D Jlaas! paws )3 by Sl o gl pie (Sl S yidia g y>
Joint letter no significant difference at the 5% level by Duncan's test shows
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Table 4- Comparisons mean interaction of trucks on the situation of fruit on the percentage of absorption energy in

highway road asphalt
(K] T 5 (Location) s 0 3 5515 o
2 1
230.52b 213.90b Loc,
264.19a 206.90b Loc,

Amd e L |y (S 905l bawgs o )3 B Jlais] prdaw 3 by Sileo w iglds pae Sl S o by >
Joint letter no significant difference at the 5% level by Duncan's test shows

il ool 5 0k il (551 20y3 1 (5358 Cambgo )3 (igmelS Sl A (5,8 Eliyl blite B uSike dualie =5 Jgu
o) S5
Table 5- Mean comparisons of the height from the floor box of the vehicle in the situation box (on the front axle or
rear) on the percentage of absorption energy in highway road asphalt

(Height) JiS j1 aes (5,513 £lis)|

Hs H; Hi (Situation) (ygels ¢y, A (525,18 Cunnige
273.76 bc  21457cd 159.42¢ S;
306.23 a 248.14b  207.09d S,

Amd e L |y (S 905l bawgs o )3 B Jlais] grdaw 3 by Sileo w iglés pae Sl S jitio gy
Joint letter no significant difference at the 5% level by Duncan's test shows
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Fig. 3. The absorbed energy into air suspension (A) and spring suspension (B) in three heights and two different
Situation on highway road asphalt
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Table 6- Analysis of variance of the truck, the truck floor height, situation and location of fruit in boxes into the
truck on the absorption energy in secondary road asphalt

Source df Mean Square
Clpekd e @l any  Oluge ufile VA
s T 1 1.598x10°® 1307.183"
glas,| H 2 5.517x107 451.313"
dax Cunge S 1 1.536x10°® 12.565™
653 = LOC 1 2.418x10°® 19.783™
HxT 2 9.948x10°8 81.380"
SXT 1 1.158x10° 9.475™
LocxT 1 3.881x101° 317"
SxH 2 3.485x10° 28.508™
LocxH 2 1.647x10°8 13.471™
LocxS 1 5.573x101° 456™
SX H xT 2 4.501x101° .368™
Locx H xT 2 6.986x10°° 5.715™
Locx S XT 1 2.632x10%° 2.153"™
Locx S xH 2 6.639x10°° 5.431"
Locx Sx H xT 2 1.663x10°° 1.360"™
L Error 48 1.222x10°°
Js Total 72
CV. %24.3

M sime BMB] dgng pae NS o )3 0 g 1 Jlais] pans 3 l5 dme OMiS] 3929 o it * 9 **
** * Significant at 1%, 5% of probability levels respectively and n’s there is not a significant difference

Gilwdu s 69y 48 (5,55 (535 45 (and Tijsknes, 2007
g 4oy 16/8 Lwg glis)l oy 12/6 «aSy> &dly sloas
S92 03905 Cdlyyd (Kb ool duoyd 1718 (iS I lis)) o YL
9, (1993) Xu 4 Singh 4slke ,> (O'Brien et al., 1969)
U551 9 (190olS” BaleS i (655554 £95 41 s s (KBS
r2ly p i )55 203 80 b sl (a0 (yguelS S ) auns
I8 LngssealS J 6lis) (2 3L, 53 5 ol S o
L)l slaog o 5l i 0008 Jos (glag s sl cledy cizily
4 Conglio e ol Sy clawl 69y (slodls JEg e

52 97ee & Cud (S2) 4l aliwg s CumByo )3 ogie (SuBsS
Al alig Gl (65515 i) o dw ym p (S1)
Zhou et al., ) s> ;5 .(0 Jgan) ol (L b xe yialS
Job 33 aselS” e CuaBgo ;0 (oM om0 4y dodio yl50e (2007

9 SRB (yp 3 b ()5S gl Cumbge I s pane JS
» Jg o> @il ) 51 (Shahbazi et al., 2010) ,\Son

L S by (pgaz 3 5 ohS)5) cdlawl ool> g3y 5

NiboS 4y Cuoglis dlds dluwy aS” | duxs (65,8 elas,l yiul58]
» (o9 wadld 93 JSs) asS o oy (ool e LialS ogue
YL gliy) o 0 ledl o5 Jiigden (595 G35 b (o2
b g Slyd S o Bl GulS 8 Gl sy guelS
O s sl Ao el e Gl aps Sl )
2 Oeomen (Hamedani et al., 2013) 555 o 3,ly Jouae
Cu—w 09— (S9) 2 dlo)l? J.QJSJA).') ul.wl:u)l $9) oS LSIA:JUQ.A
4 ol Jlde a3 g Ll Glie ol 48,5 & 90
8 gl s 5l guals g 9 S oS (sladun (493 (sloogee
2 e sbdin o Ly gl b S 5l glis,] o pYL cladcs
Soleimani and Ahmadi, ) 1 sl L (g)b sxe B iS
il s Jiig e 55 0a plosl clillas 5l 5, (2015
g Gtlidl (Kb S ol Al Ay iS5l (655 )1,8 glis)|
Timm et al., 1996; Shahbazi et al., 2010; Nicolai ) xS .
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Table 7- Comparisons mean of the vehicle suspension, box height from floor and location of boxes of the fruit in a
box on the percentage of absorption energy in secondary road asphalt

(Height) JiS ;1 awes 5,65 ,1,5 £lis,|

R e 0980 (535 51 5 Jomo
Hs H> Hi .
(Truck) (Location)
287.34 de 193.3f 205.26 f Ty Loc
488.59 a 34844 c 272.94 ed T, !
279.43 de 259.01e 198.09 f Ty Loc
49111 a 378.42b 198.18d T, 2

Amd e L |y (Sb 903l bawg o )3 5 Jlais] prdaw 13 lapSile cyo gls pue ,Soly S jiiie g >
Joint letter no significant difference at the 5% level by Duncan's test shows

5 (e g ol jome (59)) arelS (9)d duxs Cumbge (y9ralS Sl dms (65 )3 eli)) blite 1 Sike duwslio =8 Joua

pgddn > clawl o3l ;5 odd Lla (65,0 Moyd p A 49y ogme (65,5 e
Table 8- Comparisons mean of the box height from the floor of the vehicle, situation on the truck (on the front
and rear axles) and the location of fruit in the box on the percentage of absorption energy in secondary road
asphalt

(Height) s jf ass 55,15 £,/

Ol Sosder CanBae  ogne(s S )l Ao
Hs H, H, ; . .
(Situation) (L ocation)
372.59 abc 280.93 cde 229.98 e S Loc,
403.26 ab 265.80 cde 248.22 de S,
349.02 abad 331.99 abcde 246.90 de S, Loc,
421.52 a 305.49 bcde 250.58 de S,

Amd e L |y (Sb ge sl bawgs uo)3 5 Jlessl prdaw 1 lapSile cyo Coglis pue ,S5ky Sy g >
Joint letter no significant difference at the 5% level by Duncan's test shows

Jyae & deso (e 2o 13 g Sl Gl Wb (1S o
Ot )3 el o 5o some ) ey (19l s jme 59
L agalye (Ul 5 oy Sllasil s 4 (3L eelS pol>
S Gl ol jlodly Slil)l a4 Cuns odlx (slags)lgenls
03505 Slpsus g (25 |y 03,lg liles )] 5l (g by 0350000 ¢ 00l
8 Cigals G 4y o > (S g e a5 o
Soleimani and Ahmadi, 2014; Lu et uls L a5 g jieS
2y cwlks al., 2008; Hinsch et al., 1993
iy lmogee (SibgS 4 Canglio pgdan > cllawl odl>
a2 )3 (L 9eelS (99)0 A YL @3y slroges 5 by
5351 Olime D9 (558 CogalS Sl Lt ()l ylas 5l gl oo
L dlio > oS elas)l o am> (ol ) slaogee 00d ol
2P $9) &L geels Ly L)) 3 s ol chid) (slaogee

S8 Sl (93 sbogee 0 Ll (55l gy (IS yobous
ool ili8l gagy YL eled 3 (60h (yamelS Ay s
Comd (€ i3 CigealS’ (90> Slrogee 005 il (651 o) Capud
54 (S1) sl e (595 5L GaelS (9 Al Cundg
(S2) e joxe (slym o UT4 o LIAT 13T )y S 5l elis))
4 Canglin lime (4 JS) 340 170 4 1/72 1146 s
$9) sbaoge Sl yiaS (opble e 920 (59, slaogee (KBS
wde jgme (59, (Ha) opmile bawg el )3l )] (gols yomme
e s jpxo (59) 45 ((albogee) (sladuma )l5 329 (ol
X0 03905 by (6558 ol 4l dliwg gla o 4 Wlons
3 bl (S pensS I3D sl Sizg il & cudd (Sas &
(o g 4 JS) ail anih bls )l ame (518 Cundy
Jasg o> (59, (Solimani and Ahmadi, 2014) _ié>s ,»
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Introduction

The most important post-harvest mechanical damage is bruising. Bruising occurs during the stages of
handling, transporting and packaging due to quasi-static and dynamic loads. Vibrations of tomato fruits during
transportation by truck will decrease their quality. More than 2.5 million tons damages have been reported
during tomato transportation in Iran. Therefore, it is necessary to recognize different parameters of damages
during road transportation in order to detect and prevent bruising injury.

Materials and Methods

In this study, healthy Super Queen verity of tomatoes devoid of any corrosion and mechanical damage
multipliers were used. Aaverage of 7 and 5 pieces of fruit in each length and width, respectively in 13*25*37 cm
boxes with a capacity of 8 kg were arranged. The boxes were divided into 2 types of truck suspension (model
M2631 AIMCO, manufactured in 2010 with air suspension and Nissan trucks 2400, manufactured in 2010 with
suspension spring). Boxes were established in three different heights truck, floor truck, height of middle and top
of truck, in addition to two different situation boxes on the front axle (S1) and rear axle (S2). In each situation,
three levels of height (H1), floor truck, the truck (H2) and the truck (H3) there. The location of each sample
inside the fruit boxes bottom row (Locl) and top (Loc2) boxes marked with marker. In this study, two types of
road, highway asphalt and asphalt secondary road was used for transportation. Trucks and vans had the same
distance route about 400 km. Fruits were transferred to Hamadan agricultural college. Rheology lab test was a hit
with the pendulum. In this study, the amount of energy absorbed from the index (as a parameter to determine the
sensitivity) and the fruits bruises were used. Hit test was done after transportation of fruits and transferring those
to the laboratory in less than 2 hours. Impact energy products were considered higher than the dynamic
submission, dynamic submission to the multiple ways in constant height (CHMI) were determined on the control
fruits, impact energy yield limit dynamic range (0.0012) was Jules.

Results and Discussion

Analysis of variance showed that the main factors including truck, boxes of floor height, box situation on the
front and rear axles of the vehicle as well as the location of the fruit (the top and bottom of the box) has a
significant effect on energy absorption. There are also some double and triple interactions energy absorbed as a
factor of bruising damage in the pendulum test was significant at the 5% possibility level. Means comparison
showed that the effect of the truck in height. By increasing the height from the floor of the vehicle, bruising
injury increased significantly. The results showed that the fruits which transported with air suspension are
healthier than those with truck suspension spring. The maximum amount of absorption energy at third height
(H3) spring suspension system (T2) and rear axle (S2) with the amount respectively 491.11 and 488.59 percent
increase (compared with control fruit) belong the top row fruits and bottom row fruits inside the box (in
secondary asphalt), and maximum resistance bruising in the first height (H1) air suspension system (T1) and
front situation (S1) with 180.42 percent increase was observed to control fruits (in highway asphalt).

The overall results show that fruit damages are low during transportation with the front axle vehicle. The
results also showed that asphalt road highway and truck with air suspension system, Groups of maximum and
minimum absorbed energy was more logical than truck suspension spring.

Keywords: Bruising, Energy absorbed, Suspension, Tomatoes
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Fig. 1. Washington state precipitation map
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4- Automated Regularization
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1- Backpropagation
2- Scaled Conjugate Gradient
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Table 1- Specifications of Washington State weather stations

. ’ Job e s 51 £ slod cn YL ke lod i omly oeSSke
8| oL : . &l &l
X bl bl U, 29 29
Station name c e - Daily maximum Temp. Daily minimum Temp.
Longitude Latitude Elevation (m) (C) (C)
Bonneville Dam 121.93 45.64 24.38 16.72 8.52
Chamokane 117.73 48.03 594.36 15.27 0.15
Chief Joseph Dam 119.63 47.99 301.75 17.74 4,91
Deer Park 117.43 47.95 662.94 14.16 0.44
Entiat Fish 12032 47.69 314.85 18.65 4.89
Hatchery
Grand Coulee Dam 118.95 47.94 402.33 17.13 6.97
George 119.64 47.04 350.52 17.1 2.79
Goldendale 120.82 45.81 512.06 15.77 1.11
Harrah 120.57 46.38 259.08 18.16 4.05
Kettle Falls 118.12 48.59 408.43 15.81 3.61
Lake Bryan 117.65 46.69 192.02 19.91 6.57
Legrow 118.93 46.2 176.78 18.48 5.87
Liberty Lake 117.08 47.66 587.04 18.11 5.43
Lind 118.73 46.86 449,58 16.62 4.56
Manson 120.12 47.91 601.06 15.57 3.53
Odessa 118.87 47.3 502.92 16.83 2.94
Omak 119.57 48.4 376.42 16.44 3.16
Seven Bays Marina 118.34 47.85 417.57 17.28 5.58
Silcott Island 117.18 46.41 251.46 19.17 7.58
2lal slapsio Cygods byjs (i (mas sloaSd ) st Glay o gaomme LialS ybjsel dlsys jl B IS joboay
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2- Effective number of parameters 1- Overfitting
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Solar radiation

Fig. 2. Topology of a neural network with three inputs, two hidden layers, and one output
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Table 2- Properties of the best derived one and two-hidden layer networks for Lind station

ovjeel @b lozo
ol & R R R R
Training oo (@ll)  (Training) (Validation) (tesy "MSE  MAPE
function
LM1 3-14-1 0.9089 0.9083 0.9046 0.9010 3.81 31.63
BR1 3-20-1 0.9093 0.9098 - 0.9102 3.80 33.73
SCG1 3-9-1 0.8977 0.8947 0.8870 0.8791 4.02 38.92
LM2 3-11-19-1 0.9101 0.9112 0.9081 0.8962 3.78 34.02
BR2 3-20-19-1 0.9143 0.9111 - 0.9086 3.70 34.16
SCG2 3-20-17-1 0.9022 0.8930 0.8940 0.8806 3.94 34.93
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1- Underestimation
2- Overestimation
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Fig. 3. Scatter plot of the observed vs. predicted solar radiation by the best one and two-hidden layer ANNs for Lind

station
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Table 3- Statistical properties of the observed and predicted solar radiation for Lind station

S 98 WU (e bl s Sy
Solar radiation Statistical properties
(MIm?) Ave sum std max min kur ske
Observed 1479 166396.66 9.13 5139 0.01 -1.25 0.17
LM1 1478 166353.76 8.29 3162 0.68 -1.36 0.02
BR1 1478 166373.11 8.31 30.88 -0.43 -1.38 0.03
SCG1 1481 166699.99 8.22 3443 1.05 -1.34 -0.01
LM2 1480 166546.12 8.30 2980 0.29 -1.37 0.03
BR2 1477 166168.65 8.10 4274 -3.70 -1.35 0.04
SCG2 1482 166768.10 8.25 3433 -0.96 -1.35 0.02
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Fig. 4. Variation of MSE for the three training functions with one to twenty neurons in one hidden layer-ANNs for Lind
station
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Table 4- Results of the performance of the best ANNSs for the remaining Washington State weather stations

9 0wy QU 9 0wyl oU
pimo o313 slans Wil QU e 0313 3lans o9eel U
Station name ~ Training R RMSE MAPE " station name Training R RMSE  MAPE
and the # of function and the # of function
valid data valid data
LML 08929 724 6741 Y 0.8981 702 38.79
. BR1 0.8982 414 66.55 . BR1 0.899 4.00 39.19
Bonnevile Dam SCG1 0.8703 4.64 71.28 Silcott Island SCG1 0.8885 4.20 42.98
LM2 0.8976 415 65.49 LM2 0.8982 4.02 38.72
(4916) BR2 09047 401 62.75 (4926) BR2 0.909 381 36.35
SCG2 0.8726 4.60 76.89 SCG2 0.8887 419 41.76
° LM1 0.9109 379 4237 LM1 0.9065 375 38.14
s BR1 09101 381 41.61 - BR1 0.9076 373 38.03
25 SCG1 0.8938 413 50.64 3 SCG1 0.8774 4.26 42.75
EZ LM2 0.9091 3.83 4219 E5 LM2 0.9078 372 372
== BR2 0.9152 3.70 40.75 =~ BR2 0.9091 3.70 37.27
© SCG2 0.885 4.29 46.41 SCG2 0.8976 391 4058
- LM1 0.9088 3.97 32.75 LM1 0.9013 4.04 34.33
g BR1 09118 391 31.43 ° — BR1 0.9024 4.02 33.93
B eQ SCG1 0.8968 421 37.57 2 SCG1 0.8679 463 41.46
=89 LM2 09101 395 30.62 28 LM2 0.9014 4.04 34.01
= BR2 0.9133 3.88 30.46 oz BR2 0.9050 3.96 33.04
o SCG2 0.8955 4.24 36.39 SCG2 0.8875 430 38.23
LM1 0.8949 421 4291 LM1 0.8888 388 31.97
x BR1 0.9047 395 36.45 G = BR1 0.889 3.88 30.42
Sa SCG1 0.871 456 47.43 rsg SCG1 0.8364 468 49.13
53 LM2 0.9152 3.75 31.79 Beg LM2 0.9027 3.64 29.14
a BR2 0.9242 354 327 EI BR2 0.8967 375 29.66
SCG2 0.8612 472 42,66 SCG2 0.8725 414 34.42
LM1 0.89 4.02 30.73 g LM1 0.9073 3.98 35.85
ca BR1 0.899 3.96 29.96 ER BR1 0.9096 3.93 36.26
sy SCG1 0.867 451 36.94 §e§ SCG1 0.892 4.28 39.84
58 LM2 0.8984 3.98 30.07 82 LM2 0.9048 4.03 36.65
T2 BR2 0.905 385 28.81 s = BR2 0.9149 382 35.07
SCG2 0.8812 4.28 33.74 5 SCG2 0.8903 431 4055
@ LM1 0.8854 4.45 55.06 ° LM1 0.8796 452 46.29
& BR1 0.8885 4.39 53.86 s BR1 0.8817 4.48 439
) SCG1 0.8687 473 58.76 23 SCG1 0.8506 4.99 50.01
£3 LM2 0.8698 476 49.52 S5 LM2 0.8835 4.45 4284
8 BR2 08916 433 50.01 S BR2 08893 434 422
- SCG2 0.8694 472 554 SCG2 0.8698 4.69 486
LM1 0.8865 431 4152 " LM1 09128 376 38.31
z o BR1 0.8886 4.27 4519 2 BR1 09136 375 37.92
g2 SCG1 0.8544 4.84 61.95 g SCG1 0.902 3.98 41.87
>3 LM2 0.8882 4.27 41.18 29 LM2 0.9139 374 38.76
-2 BR2 08925 42 37.99 g~ BR2 09155 371 37.38
SCG2 0.8742 452 48.38 SCG2 0.9016 3.98 45.68
LM1 0.8977 3.99 34.55 - LM1 0.8988 412 39.29
oo BR1 0.8996 3.96 33.85 g _ BR1 0.8994 412 38.94
2 & SCG1 0.8653 454 41.23 ) SCG1 0.8784 4.49 4511
59 LM2 0.8989 3.97 33.81 D LM2 0.8985 412 39.69
Sh=s BR2 0.9027 39 334 s~ BR2 0.9108 388 34.88
SCG2 0.8675 451 4243 - SCG2 0.8736 457 46.09
LM1 09129 384 35.96 LML 0.8553 5.02 3481
F BR1 09161 378 34.38 c BR1 0.8294 5.44 33.34
BEY SCG1 08966 417 40.99 S5 SCGL 0.837 530 40.83
gL LM2 09152 379 34.87 s© LM2 0.8571 4.99 333
3=~ BR2 0924 36 32.02 == BR2 08696 478 31.95
SCG2 09045 402 387 SCG2 0.8366 530 31.27
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Table 5- Properties of the best one and two-hidden layer ANNs with BR training function for Mashhad station
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BR2 3-20-19-1 0.8256  0.8188 0.8628 3.92  79.92 59
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Fig. 5. Scatter plots of the observed vs. predicted solar radiation by one and two-hidden layer Bayesian neural networks
for Mashhad station
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Introduction
Global solar radiation is the sum of direct, diffuse, and reflected solar radiation. Weather forecasts,
agricultural practices, and solar equipment development are three major fields that need proper information
about solar radiation. Furthermore, sun in regarded as a huge source of renewable and clean energy which can be
used in numerous applications to get rid of environmental impacts of non-renewable fossil fuels. Therefore, easy
and fast estimation of daily global solar radiation would play an effective role is these affairs.

Materials and Methods

This study aimed at predicting the daily global solar radiation by means of artificial neural network (ANN)
method, based on easy-to-gain weather data i.e. daily mean, minimum and maximum temperatures. Having a
variety of climates with long-term valid weather data, Washington State, located at the northwestern part of USA
was chosen for this purpose. It has a total number of 19 weather stations to cover all the State climates. First, a
station with the largest number of valid historical weather data (Lind) was chosen to develop, validate, and test
different ANN models. Three training algorithms i.e. Levenberg — Marquardt (LM), Scaled Conjugate Gradient
(SCG), and Bayesian regularization (BR) were tested in one and two hidden layer networks each with up to 20
neurons to derive six best architectures. R, RMSE, MAPE, and scatter plots were considered to evaluate each
network in all steps. In order to investigate the generalizability of the best six models, they were tested in other
Washington State weather stations. The most accurate and general models was evaluated in an Iran sample
weather station which was chosen to be Mashhad.

Results and Discussion

The variation of MSE for the three training functions in one hidden layer models for Lind station indicated that
SCG converged weights and biases in shorter time than LM, and LM did that faster than BR. It means that SCG
provided the fastest performance. However, the story for accuracies was different i.e. the BR, LM, and SCG
algorithms provided the most accurate performances, respectively, both among one or two hidden layers. According to
the evaluation criteria, six most accurate derived models out of 1260 tested ones for Lind station was 3-14-1 and 3-11-
19-1 with LM, 3-20-1 and 3-20-19-1 with BR, and 3-9-1 and 3-20-17-1 with SCG training algorithm, and 3-20-19-1
topology with BR showed the best performance out of all architectures. Results of the evaluation of the six accurate
models in the remaining 18 stations of Washington State proved that regardless of the climate, in each weather station,
BR with its inherent automatic regularization, provided the most accurate models (0.87<R<0.92, 3.54<RMSE<4.78

MJm?, 28.81<MAPE<62.75 %), then LM (0.91 <R<0.85, 3.64 <RMSE< 5.02 MJm 29.14 <MAPE< 67.41 %), and

then SCG (0.90<R<0.83, 3.91<RMSE<5.30 MJIm?, 33.74 <MAPE < 77.28 %). Therefore, the Bayesian neural
networks, which showed the best performance among all Washington State weather stations, were evaluated for
Mashhad station, as an Iran sample climate. The results proved the ability of the said networks for this climate
(R=0.82, RMSE=3.92 MJm? MAPE=79.92%).

Conclusions
The results indicated that the Bayesian neural networks are capable of predicting global solar radiation with
minimum inputs in different climates. This was concluded both in Washington State weather stations, which has
a variety of climates, and also in Mashhad as an Iran sample weather station. These models would eliminate the
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need for complex climate-dependent mathematical relations or other models which are mostly dependent on
many inputs. So, this algorithm would be a good means first in weather forecast practices, also in the design and
development of solar assisted equipment, as well as in managerial practices in agriculture when monitoring crop
solar-dependent processes like photosynthesis and evapotranspiration.

Keywords: Bayesian regularization, Daily temperature, Global solar radiation, Neural network
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5- Fuel Consumption

6- Base Cutter

7- Elevator

8- Partially damaged stools
9- Severely damaged stools
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(B) S g oan b il g (A) (655 15 B b il oitns 93 sl (o8 sljialb =1 Jgui>
Table 1- Quantitative parameters for two Systems energycane (A) and Sugarcane (B)
Quantitative parameters

EC(A) SC(B)

(o8 slayial,b)
Forward speed (km.h™).C,
o 2.96 5.75
(ot o p)
Fuel consumption (Lit.h™).C,
s . 46.08 50.02
(g b pan)
Motor torque (%).Cs 1,09 28,35
(1555 13i5) . ' '
Effective capacity (ha.h™).C
apacity (al).Ce o35 e
(550 cad)b) .
Throughput (Mg.h™).C
ghput (Mg:n7).Cs 3031 895
(29 &)
Harvester power (kW).Cg
s . . 208.54  230.7
(eutlsy oetle los)
Yield (Mg.ha®).C,
96 144.83
(35es)
Base cutter (Mj.mg™).C
T (M1mg”).Co 148 061
(o i)
Chopper (Mj.mg™).Cq
. 1.42 0.3
(0535)
Elevator (Mj.h™).C1o
0.4 0.18
(»YY)

(B) S adgs ham b iy g (A) 51 a5 B b s i 93 sl (&S (sloyial =2 Jgaa
Table 2- Qualitative parameters for two Systems energycane (A) and Sugarcane (B)
Qualitative parameters
(85 glayielyb) EC(A) sC@)
Average stem diameter at cutting height (mm).C1

(005 i o 1 5 5] o 29
Average stem height (m).C2
(6 15 55 2620
Average stem count in a row (steam.m™).C3
. . . 33.8 12.6
(o) 2 4Bl jlado (4Sile)
Undamaged stools (%).C4
(L L) 10.4 10.3
Partially damaged stools (%).C5
i - 43.7 65.9
(o3l (g3 b5 dBluv)
Severely damaged stools (%).C6
P 45.9 23.8
(o3l s &y dBlu)
Average stubble height (mm).C7 143 20.8
(LHS 9 o8 il (xS3lis) , .
Average bulk density of harvested biomass (kg.m™).C8
. . & 143.8 349.4
(rlege dlge 8l ogasce p > (1Sile)
Average moisture content (%).C9 58.4 20
(agh) o> (xSike) '
Average yield (dry matter basis) (Mg.ha™).C10
ge yield (dry ) (Mg.ha™) 30.9 435

(<55 ole (ploly) >,SLoe xSk
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[(Shakouri et al., 2014)

D, =1—Fj ()
HG' roD: (

J

ol ons ooh Lis 4 93 o Jads > Jol p5 Sl

F..= Tt

Ej 7

@)
@)
Cter il 59y 2 Wytelly ()55 i (3) el
(Shakouri et al., 2014) aa3 o L 1y cunlio ,Sal,
Py, xIn(Py) (3)
Iy Wj 4 Dj Ej polis s (6) ¢ (0) (4) cslaalal, b
Cabad pae lise (4) alaly (Wang, 2015) a9l oo Comdas
Ol Pij g pile 3 aosly (13,8 sy 5 dawgay 1y (Ej) e M
Iy oleMbl aon cyaad pac jLidya0 Cudyls puimmon 5 Jad 0
sl m (Balocco and Verdesca, 2007) sad o ;jlois

(B) 5 tdgs cham b il g (A) 551 1gs o L il i 93 (sl P g ile oSt =3 Jgu

Table 3- Pij matrix for the two Systems energycane (A) and Sugarcane (B)

Pij A B Lnpij (EC) Lnpij (SC)
Forward speed (km.h™).C,
L. 0.339839265 0.660160735 -1.079 -0.4152719
(Borin copm)
Fuel consumption (Lit.h™).C,
. 0.52049948 0.47950052  -0.652966391 -0.7350103
(b9 Bpas)
Motor torque (%).C3
. e 0.475709315 0.524290685 -0.742948295 -0.645709
(1555 s9liS)
Effective capacity (ha.h™).C,
e 0.344086022 0.655913978 -1.06686359 -0.4217256
(30 cud)b)
Throughput (Mg.h™).Cs
. 0.252983891 0.747016109 -1.374429464 -0.2916685
(295 )
Harvester power (kW).Cs
" . . 0.525225389 0.474774611 -0.643927796 -0.7449151
(eedlsy oeile )
Yield (Mg.ha).C,
(5,5Lec) 0.398621434 0.601378566 -0.919743099 -0.5085306
Base cutter (Mj.mg™?).Cg
PR 0.291866029 0.708133971 -1.231460388 -0.345122
(Loy 425)
Chopper (Mj.mg™).Cq
(53,3) 0.174418605 0.825581395 -1.746297095 -0.1916674
Elevator (Mj.h™%).Cyo
(V) 0.310344828 0.689655172 -1.170071253 -0.3715636

(B) s adgs Bam L il g (A) (6531 g oan b el p tannngd (sl Jgl o5 )3 Slsloe plosl =4 Jgu
Table 4- At the first step calculation for the two Systems energycane (A) and Sugarcane (B)

Pij*Inpij total Ej Dj Wj
-0.36668656 -0.2741462 -0.64083279 0.924526293 0.07547370 0.08090251
-0.33986866 -0.3524378 -0.69230648 0.998787136 0.00121286 0.00130010
-0.35342742 -0.3385392 -0.69196664 0.998296842 0.00170315 0.00182566
-0.36709284 -0.2766157 -0.64370858 0.928675181 0.07132481 0.07645520
-0.34770851 -0.2178810 -0.56558960 0.815973316 0.18402668 0.19726369
-0.33820722 -0.3536667  -0.691874  0.998163188 0.00183681 0.00196893
-0.36662931 -0.3058194 -0.67244874 0.970138471 0.02986152 0.03200946
-0.35942145 -0.2443925 -0.60381405 0.871119535 0.12888046 0.13815081
-0.30458670 -0.1582370 -0.46282375 0.667713541 0.33228645 0.35618777
-0.36312556 -0.2562507 -0.61937629 0.893571102 0.10642889 0.11408431

0.93303539 1
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Table 5- nj matrix for the two Systems energycane (A) and Sugarcane (B)

Nij

Forward speed (km.h™).C,
(Borim o pw)

Fuel consumption (Lit.h™).C,

(cSgw B pan)
Motor torque (%).Cs
(1555 sgis)

Effective capacity (ha.h™).C,

(50 b))
Throughput (Mg.h™).Cs
(295 &)
Harvester power (kW).Cs
(eadly oedle olgs)
Yield (Mg.ha).C;
(5,5des)

Base cutter (Mj.mg™?).Cg
(oy 429)
Chopper (Mj.mg™).Co
(&525)
Elevator (Mj.h™).Cyo
(»Y0)

A B
0.514782609 1
0.078768493 0
0.907338864 1
0.524590164 1
0.338659218 1
0.903944517 1
0.662846095 1

0 0.587837838

0 0.788732394

0 0.55

0.8 -
0.7 A
0.6 -
¥ 0.5 -
%04 A

‘150.3 7

0.2 A

Combine ratio

0 quantitative parameters

O qualitative parameters

A

(B) 55 sy cham b iy 5 (A) (5551 Wy i b cudby sl sl (S 5 o8 sloyially bl = 1SS
Fig. 1. Evaluation of qualitative and quantitative parameters Energycane (A) and Sugarcane (B) systems

T
T e ey (7)
My = 1- ?,_rl"_ (8)

i (max)
w3 e U ) (oS 5 e i (9) alasy
_ Elng =W}

=
4 Lw;

©)

Lt sy (oS5 oy So 29l Cundds pg> P
Ol 48 (2950 030 5t BY g AT & jg0) s gm0y 2 250
L i S 483,80 ©)90 (ilumanal bt ol 12
(W)) 00 deusloeo (59 oluslys o (550l (slayial) 4 drgs
S5l e Spae gl 1) b e (D)) ooy (gilo Jloy
5 Jgtr o blien camdts (8) o (7) dlasly 3bo g 038 0 e
ol o 00 LS Njj Ly o
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hby g5l il Bua Ly cudl it 2338 O jgu0 il
slea e (nliel ccely dyg e opl aS il (g5, 0L B pas
5 odal Coamay olog g olS couinS Bk 5l Jg g e (Slles
whby s i dg Gaa b cudby ey 50 (Sg al yipg o]
Lulys 3 oS (a8 BUod 1 oSy sl (6551 iy e
Sldae Wl Jawme cudS 51 B s et 40 0,10 1,8 wlie

e yasudie Jauaste Cudld y

ooy (sl 00 aile oS 5 calis (i =6 Joa
by g (A) 5! Mg Gan b ey (slopius (oS

(B) 55 2y oo
Table 6- The calculated combined ratio for quantitative
parameters Energycane (A) and Sugarcane (B) systems
Systems Combined ratio
A 0.17164897
B 0.801793114

slo el (slp o dslone (S 5 colps (i =7 Jg
bbby g (A) 50 Mg Gaa b cuild yy (sl (25

(B) s 1)y bam
Table 7- The calculated combined ratio for qualitative
parameters Energycane (A) and Sugarcane (B) systems
Systems Combined ratio
A 0.786843919
B 0.387377486
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Introduction

Sugarcane is an important plant in the world that cultivate for the production of sugar and energy.
For this purpose, evaluation of Sugarcane (SC) and Energycane (EC) methods is necessary. Energy is
vital for economic and social development and the demand for it is rising. The international
community look toward alternative to fossil fuels is the aim of using liquid fuel derived from
agricultural resources. According to calculations, about 47% from renewable energy sources in Brazil
comes from sugarcane so as, the country is known the second largest source of renewable energy.
Sugarcane in Brazil provides about 17.5% of primary energy sources. Material such as bagasse and
ethanol are derived from sugarcane that provide 4.2% and 11.2 % consumed energy, respectively . In
developing countries, the use of this product increase in order to achieve self-sufficiency in the
production of starch and sugar and thus independence in bioethanol production. Evaluation of energy
consumption in manufacturing systems, show the measurement method of yield conversion to the
amount of energy. Many of products of Sugarcane have ability to produce bioenergy. Many materials
obtain from sugarcane such as, cellulosic ethanol, biofuels and other chemical materials. Hence,
Energycane is introduced as a new method of sugarcane harvesting. But, one of the problems of this
method is high cost and high energy consumption of harvester. So that the total cost of Energycane
method is 38.4 percent of production total costs, whereas, this cost, in Sugarcane method is 5.32
percent of production total costs.

In a study that was conducted by Matanker et al (2014) with title “Power requirements and field
performance in harvesting EC and SC”, the power requirements of some components of sugarcane
harvester and its field capacity, in Sugarcane and Energycane methods were examined. The consumed
power by basecutter, elevator and chopper was measured in terms of Mega grams per hour (Mg.h'")

Chopper energy consumption in Energycane method was 1.65 KJ more than Sugarcane method.
The quantitative parameters including forward speed (km.h?), field capacity (ha.h™), the field
performance (Mg.ha™) and reed output (Mg.h™) were also measured. Finally, statistical comparison
was conducted between the two methods. The aim of this study is to provide Simple Additive
Weighting (SAW) method using the calculated parameters by the Matanker et al. This method
provides decision-making ability for a manager.

Materials and Methods

In this study, quantitative parameters including fuel consumption (Lit.ha™), harvester power (KW),
efficiency of engine torque (%), energy of used hydraulic oil in basecutter, chopper and elevator
(Mj.Mg™), forward speed (km.h™), field capacity (ha.h™), the field performance (Mg.ha™) and reed
output (Mg.h™ ) and qualitative parameters including the mean of average diameter of the stem (mm),
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2- Associate Professor, Department of Biomechanical Mechanics, Faculty of Agriculture, Shahid Chamran University
of Ahvaz
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stem height (m), number of stems on the meter (m™), the percentage of cut stems and intact, cut stems

and partially damaged and strongly damaged stems. The average height of straw and the stubble (mm),

average of bulk density (kg.m?®), the average of moisture content, average of dry matter (biomass),

(Mg.ha™) were measured. Data analysis was conducted with Simple Additive Weighting (SAW)

method. Tables 1 and 2 in terms of qualitative and quantitative parameters for the two methods of A

and B, to form of rij matrix and based on measured criteria (C) have arranged, respectively.
Conclusions

Choosing the appropriate method for sugarcane harvesting should be according to the purpose of
harvesting. Energycane method has high energy consumption that it increases the operational costs.
On the other hand, the quality of the obtained biomass from it is better, but Sugarcane method has high
energy efficiency. But in terms of quality, the plant is not in good condition. For this reason, it is
necessary, aim of harvesting and its type, be specified before crop planting.

Keywords: Energy, Harvesting, Simple additive weights, Sugarcane
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1- Heat exchanger networks (HENSs)
2- Transesterification
3- MTriglyceride
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Table 1- Density and normal boiling points of

components
Component Normal boiling  Densit
Point (°C) (kg m™)
Triolein 606.8 916
Glycerol 288.9 1261
m-oleate 343.9 876.9
methanol 64.7 795.7
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NaOH + HCl ——> NaCl + H;0 (1)

L oesls = 9 Jpog bbb ol 5l (29 0l

L Jpo90 4 cwwy slp & ol oy %8193 5 %90/79 clale
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Table 2- Input and output streams of the process

Component (Mass fraction)

Stream (;2) (kllza) (kg;nr;'l) Triolein Mﬁgra ollt\a/la-te G I())/::er H,0 glce:dc Hel NaCl NaOH
NaOH 25 1013 1917 0 0 0 0 0 0 0 0 1
Methanol 25 1013 1218 0 0 0 0 0 0 0 0 0
oil 25 1013 17440  0.9995 0 0 0 0 0.0005 0 0 0
Meﬁgg”‘)' 6443 1013 2941 0 1 0 0 0 0 0 0 0
Glycerol-2 1876 110 1834 0 00337 0  0.9663 0 0 0 0 0
HCI 25 1113 1824 0 0 0 0 0 0 1 0 0
Biodiesel 1113  101.3 17540 0 0 09976 0 0.0014  0.0005 0.0005 0 0

HLD-4 252 1013 19 0 0 04942 0 0 0.0010 0 0 05048

Oil rec 252 1013 1732 0.9951 0 00047 0 0 0 0 0 0.0002
eNaOH 25 101.3 8 0 0 0 0 0 0 0 0 1
emethanol 25 1013 696 0 1 0 0 0 0 0 0 0

ol o odlatul oty 5ol

55 0 b g g (659095 5l ookl b anT b cpl oy ganl S5 o
5] e ilS G Jise 45 gl s oyt S
239250 gbo)S jl edlatel caa (Shb pl o s Slb
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53 odliul 3y50 p)5 uhigr .l o o3lisul 25°C oanS S
1 Mpa ,Lzs 4 400°C clos b ol Hl5o 25 a)le 3 oo o]
Lol )l rizmen 92 9 1 ol (glagy shgm) 53 oslizl (sl
3 b gy yhgw; 5 edlazul ¢l 1 Mpa jLisd  665°C (cle
4 gpie &S |y o aless ealatwl 4l (slb ) baylsy oyl
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1- Pinch analysis
2- Mathematics Programs



227 . LS Glacsés, I J3nosm slsi wial b gl S 5 > 1b

Jpdge Mg n]p olite g Lie (sagbye =3 Jguo
Table 3- Source and demand streams of the biodiesel production process

Supply Temp Target Temp CP AH
stream g €O (KW°CY) (kW)
Cold stream
HEX-1 51.7 60 4.5 37.4
HEX-2 25 60 0.7 24.2
HEX-4 25 60 35 123.9
HEX-5 25 60 9.1 318.9
HEX-7 25 60 10.7 374.4
Hot stream
HEX-3 60 25 11.6 -406.4
HEX-6 60 25 11.1 -406.4
HEX-8 347.7 25 12.4 -4014

HEX-9 549.4 25 0.1 -46

HD1-1 100 25 7.8 -583.3
HD2-1 1116 25 19.2 -1665
HD3-1 100 25 137.1 -10300
HR-1 120.4 25 5.6 -532.3
HR-2 100 25 2.1 -159.7

Cold interval: 56.7, 65, 30
Hot interval: 55, 20, 342.7, 544.4, 95, 105.6, 115.4

S5 g0t w13 cpl gla e 4 i Jgol culey b
&5yl e AT h S ol Jlael §) ug 45 550 alls 2
Aol o ials 16670 KW a4 2,5 (65,1 9 17018 KW o 54
HEX-8 s> (slod ©gu o0 odalio JSi oyl j3 a8 jobojlon
lod ;505 )b 5l g wb e y2als 291/8°C & oyl o Uil 51 s
1858 kKW 5 187/6°C 2y s sy 5l 2090 5551 5
B g2 5551 ool PHEXB ol 5l lyiise cnlpliy ol
2,5 3,1y cygmel Sl 53 )15 o 45 (6,500 390 .0 liul 55 2
2l (SHD3-0Ut) 3 s 7 (silee S Jl (29 Ol
@t oy 5351 ool sl Slise 5B5°C (sloo b e !
&5y ol ol I b g,y 8 347/7°C clos L 1 pbais
gt b o ials 10990 kW 4 15160 KW & p)5 g 55w
@l 53 USs o ol p i &b Jlosl b 35 4018 ool ol
ol oad o3l L5 D Jgan > dlols

6 5 42
3 oslaiul L s b sl )3 )5 a5 oanlin 45 jblen
Oy cpyS g 3w ubis— 10990 kW 4 18860 kw
g oy 299165 3l clale b 1y S350 480 mPd?
09 S5l 51 (55,50 Bpme S pglatons sl 3 el )3 08
9y o=l jl edatl Ly ad 48 000 iy SIS 9 (Sl
oialS 71916 L 1y sy tlbe olime &8 0 Shb Jie s
Jules 10990 KW &, yzals 738 L o5 lss 9 15160 kW o

Db
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el Coay ofag il Sl 0 o (0
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AHinterrval = ATinterval [CPcotg = CProd] (2)

o5 5 30 855 sl a5 o> e 1
4 Jgo 3 ol dslro Jolye 4 335 oo dslons 45 3l 59
Jol sl p3 ea el cunday sae Jodo cpl )0l oaid odb lis
s olat BT o dse 5 5l 3,90 05 (5551 Sile B g
Lo ply e a Joso cnl ) & ol Sl 3590 350 (5501 S0
2 e sl oUly line 4 g 3L 0 17146/9 KW 4 jar
Codgiime 292y pie g 3y Sl L5 3,90 5551 IS el

Ll L )15 3529 (b > (hdgioe & il (x5
il jelaieany g 058 coley &S S )0 ATZATi 4.8
S <55 Sln e 8 ol gy 25 ) il gl
ALBL ALl S0uS 4 s |y Cdlus

1- Minimum approach temperature (ATmin)
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Table 4- Calculation of hot and cold utility the required exchanger network

Z( CPCoId'CPHol) AH 0
544.4 9 (kw °C™) (kW)
342.7 8 -0.1 -20.2 20.2
115.4 HR-1 12,5 -2814.3 2834.5
105.6 HD2-1 -18.1 -177.4 3011.9
95 HR-2| |HD3-1| HD1-1 -37.3 -395.4 3407.3
65 -184.3 5529 8936.3
s67 A -155.8 -1293.1 10229.4
55 1 6 3 -160.3 2725 10501.9
30 -183 -4575 15076.9
20 2457 \Li -207 -2070 17146.9
HEx-g |-249:4 o3
@ 347.7 317.5 291.8 M
@ 120.4 113.7 109.3 M
| HR-2 | 200 o—=
[ HD1-1 |10 o—=
111.6 > 105.2 ©£
_HD3-1 |00 o—%
| HEx-3 |60 o=
| HEX-6 |0 o2
Y S 51.7 @l
60 e 25| HEX-4
@ o 25] HEX-5 |
£0 O 25] HEX-7 |

(31,5 b 43> (slue o Lod) Jpod9m Mg 40T (cla e aSoi =2 S
Fig. 2. Exchangers network of biodiesel production process (Temperature unit °C)

05l S5 86 gy =5 Jgor
Table 5- Investigation of the integration effect

Process parameters . Befor_ After integration Results
integration
Inlet oil (kg h™) 19170 17440 -9%
Inlet methanol (kg h™) 4855 1914 -60.6%
No. of heat transfer equipment 9 14 +5
No. of pump 9 9 0
Total pump power (kW) 2.7 5.9 +3.2%
Cold energy (kW) 18860 15160 -19.6%

Hot energy (kW) 17330 10990 -38%
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Introduction

Biodiesel is Fatty Acid Methyl Esters (FAME) which is used as a renewable fuel in diesel engines. Extraction
of lipid from various flora sources, including Sunflower, Palm, Canola or animal oils, with a Trans-Esterification
reaction between alcohol and Triglyceride (TG), leads to production of Biodiesel and Glycerin.

The production cost of biodiesel is so important that is now considered as the greatest obstacle during scale-
up process.

In this research, a model-type of biodiesel production unit (using vegetable oil source), was designed by
Aspen HYSYS V7.2 software, then a great deal of the attempt was employed to optimize the overall yield
against the processing parameters including: mass and energy consumption load, as well as some technical
discussion regarding associated apparatuses.

Materials and Methods

Process Design

The simulation was carried out using Aspen HYSYS V7.2 employing Triolein (as TG), Oleic acid (as Free
Fatty Acid (FFA)), and Oleat as biodiesel. Avoiding side-stream reactions as well as trans-esterification, the FFA
content was taken to a mere 0.05% (%mass). Feed stream was considered as product of NaOH-catalyzed bi-
reactor system operating at 60°C and 1 atm with the overall conversion of 70% using two series reactors.

The ratio of TG to Alcohol is 1:3, however, owing to establish an appropriate reactor EJerformance; this ratio
was applied as 1:6 practically. The design was mainly intended to produce 480 md™ biodiesel with mass
concentration of 99.65%.

Methanol was used in this investigation due to low cost, accessibility and handling considerations.

NRTL was taken as the Equation of State (EOS) for the process and should be used PRSV equation in the
decanter.

Thermal Integration

Energy consumption was taken into account as basis of optimization in this study. Table 2 demonstrates the

thermal characteristics of all streams consist of source and down-streams, while outlet stream like glycerol
streams were neglected to be considered. HR-1, HR-2, HD1-1, HD2-1 and HD3-1 represent cooling water
leaving reactors and condensers respectively which input cooling water temperature to utility was 25°C. C, also
indicates the thermal capacity of each line which can be calculated by multiplying mass flow rate in specific heat
capacity.

In order to calculate interval temperature, as the next step, the inlet and outlet temperatures of hot flow must
be diffracted from the half of minimum approach temperature of exchangers; and the inlet and outlet cold
temperatures should be summed with the half of minimum of approach temperature of exchangers. Interval
enthalpy can also be calculated using following equation:

AH interva= AT interval [Cp Cold'cp Hot]

Minimum approach temperature (ATni) Was also taken as 10°C in the following calculations. Results are
shown in Table 3.
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Results and Discussion

Mass Integration

Feed stream after reaching 60°C and 1 atm entered into first reactor. Feed streams reacted in Reac.1, and
effluent after cooling to 25°C flowed to Sep.1. Unreacted oil sent to Reac.1 and effluent of this reactor after
cooling to 25 °C entered into Sep. 2. Products of Reac.2 including glycerin, methanol, biodiesel and oil were
conveyed to Sep.2 (25°C) for separation of ester and glycerin. The light phase (Ester) was directed to a recycle
distillation column (Dist.1) with R=1.5 and 6 trays to obtain extra-pure methanol from biodiesel. Second
effluents from Sep.1 and Sep.2 including large quantities of methanol and glycerin were conveyed to second
distillation tower (Dist.2) with 5 tray and R=1.5 in order to purify methanol recovery and obtain glycerin purity
up to 99.63%. Due to declining expenditure, methanol recycled back to the beginning of process as a feed; while
glycerin was sent out to downstream as by-product.

Effluent exited from Dist.2 flowed to Sep.3 to improve purity and remove any residual catalysts (NaOH) via
HCI reaction. HCI and catalyst entered with identical molar flow and reacted with 95% conversion.

The cold and hot energy required for the whole processes were calculated: 18860 kW and 17330 kW
respectively.

Heat Integration

According to Table 3 network required hot and cold energy were found to be zero and 17146.6 kW
respectively; where the number “zero” indicates hot streams are able to provide energy needed of cold stream.
Care should be taken that the exchanger approach temperature should not be less than the minimum selected
approach temperature (ATmin).

Applying the new system in the process, cold and hot energy reduced to 17018 kW and 16670 kW
respectively.

According to Figure 2, HEX-8 outlet stream temperature reached 291.8 °C after heat transfer. On the other
hand, required temperature and heat of distillation tower’s re-boiler were 187.6 °C and 1858 kW respectively;
therefore this could be used as energy source for the second distillation tower’s re-boilers. The output stream of
the 3rd distillation tower virtual exchanger (SHD 3-out) was also important; this stream temperature was 565 °C
that could be used to provide energy in the 1st distillation column re-boiler.

Finally cold energy and hot energy reduced by 19.6% and 38% reaching 15160 kW and 10990 kW
respectively. Input and output streams of the process data and the main process flow diagram of the biodiesel
process production are shown in table 4 and fig.3.

Conclusions

Using stream recycle and mass integration methanol, unreacted oil and feed oil consumption reduced up to
60.6%, 70% and 9% respectively. Consequently, due to energy integration by exchanger network, cold and hot
energy was reduced by 19.6% and 38% respectively. This integration increases the number of exchangers and
pumps power due to the integration target, because the mass and heat integration targets are just reducing the
mass and heat consumption. As can be seen from table 5, the number/capacity of used facilities increased in
some cases as a result of application of integration method; this item can be optimized depending on economic
and operating data and changing the final target to reduce overall cost, for this purpose can be used other
methods such as genetic algorithms.

Keywords: Biodiesel process design, Integration and simulation, Heat exchangers network, Pinch
technology, Vegetable oil
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Table 1- Consumption of inputs during the first year of saffron cultivation
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Type of inputs Consumption (kg ha™)
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(Mahdavi, 1999) caul oas a5 Jai p» ceo 520 3000 Jsbeo Jlo 5 3 oy cehy; cas il o olies

3000 (m?)”

* The annual water consumption for saffron cultivation was considered equal to 3000 m® (Mahdavi, 1999).
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