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Introduction

Efficient use of energy in paddy production can lower greenhouse gas emissions, safeguard agricultural
ecosystems, and promote the growth of sustainable agriculture. Meanwhile, intelligent agriculture has come to
the aid of farmers and policy-makers by harnessing cutting-edge technologies, which will lead to sustainable
welfare and the comfort of human society in the present and the future. Therefore, this study aimed to analyze
energy consumption and production, as well as model and optimize the yield of two paddy cultivars using
Artificial Bee Colony (ABC) and Genetic Algorithms (GA).

Materials and Methods

Extensive research data was collected by thoroughly examining documentary and library resources, as well
as conducting face-to-face questionnaires with 120 paddy farmers and farm owners in Rezvanshahr city, located
in the province of Guilan, Iran, during the 2019-2020 production year. The farms consisted of 80 high-grading
and 40 high-yielding paddies. The independent variables were machinery, diesel and gasoline fuels, electricity,
seed, compost and straw, biocides, fertilizers, and labor. The dependent variable was paddy yield per hectare [of
the farm area]. In the first step, energy consumption and production were calculated by multiplying the variables
by their corresponding coefficients. In the second step, all the variables that maximize paddy yield were entered
into MATLAB software. An artificial bee colony (ABC) algorithm with a novel and straightforward elitism
structure was utilized to enhance the fitness function of the genetic algorithm (GA). The Sphere, Repmat, and
Unifrnd functions were employed to determine the objective function, define the position of the bee colony, and
quantify the position of the bee colony, respectively. In each generation, 900 new solutions were created, and the
algorithm iterated 200 times. For the genetic algorithm, the population was defined as a double vector with a size
of 100.

Results and Discussion

The findings revealed that the Hashemi (high-grading) paddy cultivar had an average energy consumption
and production of 55.973 and 30.742 GJ-ha'!, respectively. The Jamshidi (high-yielding) paddy cultivar had an
average energy consumption of 54.796 GJ-ha! and double the energy production of the Hashemi at 62.522
GJ-ha’. In both cultivars, agricultural machinery consumed the highest amount of energy, while straw consumed
the lowest amount. The average energy consumption of tractors in the Hashemi and Jamshidi cultivars was
25.111 and 25.865 GJ-hal, respectively, accounting for 44.862% and 47.202% of the total average consumed
energy. This undoubtedly demonstrates the significant effect of this input and reflects the operators' skill and
experiential knowledge. The evaluation indexes, including R?, RMSE, MAPE, and EF, as well as statistical

©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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comparisons such as mean, STD, and distribution, consistently demonstrated that the ABC algorithm provided
the essential conditions for the fitness function. The results of the bee-genetic algorithm optimization revealed
that the majority of the consumed resources could be effectively managed on the farm to closely match optimal
conditions. Through this optimization, energy consumption in the Hashemi and Jamshidi cultivars was reduced
by 53.96% and 39.41%, respectively.

Conclusion

Given its impressive performance and potential for minimizing energy consumption, the ABC-GA algorithm
offers an opportunity for policymakers in energy resource management and rice industry managers to develop
innovative strategies for significantly reducing energy usage in rice production. This approach could lead to
more sustainable and efficient practices in the agricultural sector.

Keywords: Artificial Bee Colony Algorithm, Genetic Algorithm, Optimization, Paddy
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oslys . Energy-eq sasliw g Wodls . Energy-eq
Unit Unit
Inputs (Ref) Inputs & Output (Ref.)
Lmo)l.p(i (uﬂ] <9 Qlﬁjw MJ.kg'l 209(1)
A) Inputs Zinc sulphate
)lf L59)"‘" d)—» 9 Lhqu
Labor Fuels & Electricity
o MIAT 1.96(1) D‘.J;; | ML 47.8(6)
i
Woﬁan MJ.ht 1.57(1) Ga‘;’gl‘i’ne MJ.LL 46.3(6)
Sl laguils o MJ.kWh 10.7(3)
Agricultural Machinery Electricity
=S|y 1l
951y MJhT  10.944(1) e
Tractor Organic matter
b iy 5
Ak MIhT  2.508(1) @b MJ.kg™* 14.70(2)
Puddler Rice seed
il oW
. MIhT  10.283(1) Com’;“j t MJ.kg™* 5.08(7)
ivi S
$elis 5 W oS
’ MJ.ht 9.405(1) & o g MJ kg 6.5(3)
Transplanter Rice straw
Resper Wi ssiw
2t MJ.ht 7.524(1) oSl MJ kg 85(5)
Thresher Herbicide
s slasss sl MJ.kg 229(5)
Fertilizers Pesticide
BT " lB
029 MJ.kg 58.7(4) e MJ.kgt 115(5)
Nitrogen Fungicide
ol Mikg?  17.1(4) ol (o
Phosphate B) Output
o MJ kgt 8.83(4) Syl MJ.kg 14.70(2)
Potash Paddy

1- Nassiri and Singh, 2009, 2- Ozkan, Akcaoz, and Fert, 2004, 3- Gummert et al., 2020, 4- Van-
hung et al., 2019, 5- Yodkhum, Sampattagul, and Gheewala, 2018, 6- Kitani, Jungbluth, Peart, and
Ramdani, 1999, 7- Salehi, Ebrahimi, Maleki, and Mobtaker, 2014
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Table 2- The average energy inputs and output of two cultivars of paddy (MJ.hal)

o3l coild  gomiva (7) @ylis D3/ 03ls bl gamben (7) gl
Input Hashemi  Jamshidi lefg/roence Input/output Hashemi  Jamshidi lef((e)/roence
K s 9y il 12195 108161 12.748
Labor ZincSulphate
2 sy 333.98 334.41 -0.13 O
Male Labor Fuels & Electricity
03 B 168.5 166.01 15 J)’D 12979.04 12546.41 3.44
Female Labor Diesel
&9t slapilo O
Agricultural Gasélihe 42.3 49.54 -17.1
Machinery
5515 25111 25865.33 -3 ‘5""_ . 661.24 643.29 2.79
Tractor Electricity
Ak 787.67  596.72 32 3l
Puddler Organic matter
2915) 960.22  926.06 3.688 ok 1591.00  1273.03 24.977
Rotavator Seed
el 498.88 481.94 3.514 . 390.89 309.59 26.26
Planter Compost
592 699.3 618.22 13.135 5 o8 38.2 30.05 27.12
Reaper Straw
CgSieyt 1261.28 1262.77 -0.118 @w foe-e
Thresher Biocides
lesd sloss oS cile 252.28 210.95 19.592
Fertilizers Herbicide
‘:’5”:’5 5955.98 5591.17 6.524 "5“5‘ 1128.68 114355 -1.317
Nitrogen Pesticide
Slis 1092.11 851.58 28.243 ""Sob 253.22 206.62 22.553
Phosphate Fungicide
o 507.74 491.96 3.207 (Pran Egee 55973.03 54796.32
Potash Total Consumed
B) Output
30742 62522
38des 5o
Total yield
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Table 3- Results of GA-ABC model with cross-validation method in training and test phases for the Hashemi cultivar

.. Test Train
52929 S e TDS R RMSE  MAPE R RMSE  MAPE

Input variables R (x1073) (x109) EF R (x10%) (x107%) EF
5 oy 90 09090 1.0300 2.5500  0.8802 09032 10400 25561  0.9007
Labor 80  0.9091 10299 25498  0.8802 09032 1.0400 25560  0.9008
E3shiS slapeile 90  0.8905 11131 25771 0.8625 08940 11130 25551  0.8886
Agricultural machinery 80  0.8915 11128 25770  0.8625 08943 11129 25545  0.8893
byt 90 09034 10980 24436  0.8895 09090 11037 24421  0.8980
Biocides 80 09038 10978 24436  0.8899 09096 11032 24419  0.8985
srhasdogs 90 09094 10400 22610 0.8893 09096 10224 22010 0.8905
Fertilizers 80 09098 10398 22610 0.8896 09099 10222 22009  0.8908
Gt 5 B 90 09115 10055 22805 0.8998 08956 11009  2.2906  0.9055
Fuels & Electricity 80 09119 10051 22805  0.8999 08959 11009 22901  0.9059
S olge 90 09096 10087 20190 0.8993 09098 10599 22301 0.9088
Organic matters 80 09099 10084 20189  0.9003 09107 10595 22299  0.9098

et o8 sl oseil 5 Ghigel sloalsyo 5 gblie (i sl (39, L GA-ABC Jao gl € Jgoa
Table 4- Results of GA-ABC model with cross-validation method in training and test phases for the Jamshidi cultivar

£3933 (SUb peiio Test Train
C TDS 2 RMSE  MAPE 2 RMSE MAPE

Input variables R (x103) (x103) EF R (x10) (x10) EF
K oy 90 0.9231 0.9775 1.2220 0.9413 0.9532 0.9668 1.0029 0.9509
Labor 80 0.9235  0.9774 1.2220 0.9415 0.9539  0.9662 1.0022 0.9509
Si9lsS syl 90 0.9166  0.9634 1.4487 0.9309 0.9511  0.9619 1.0001 0.9333
Agricultural machinery 80 0.9177  0.9630 1.4474 0.9317 0.9512  0.9619 1.0000 0.9338
pgous 90 0.9090  0.9510 1.0243 0.9199 0.9469  0.9667 1.0442 0.9377
Biocides 80 0.9093  0.9510 1.0242 0.9199 0.9469  0.9667 1.0442 0.9379
obosddgS 90 0.9128  0.9677 1.0020 0.9335 0.9502  0.9532 1.0201 0.9250
Fertilizers 80 0.9129  0.9677 1.0020 0.9341 0.9503  0.9532 1.0201 0.9256
Gy 9 bCSgw 90 0.9188  0.9851 1.0770 0.9228 0.9600  0.9335 1.0904 0.9508
Fuels & Electricity 80 0.9196  0.9850 1.0770 0.9233 0.9607  0.9331 1.0900 0.9518
S alge 90 0.9102  0.9666 1.1047 0.9000 0.9441  0.8596 1.0412 0.9234
Organic matters 80 0.9112  0.9665 1.1037 0.9008 0.9451  0.8596 1.0403 0.9244
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Table 5- Results of evaluation indexes and statistical comparison of the observed and predicted values

P-value
ofke i)l @iy r2  RMSE  MAPE Er
Mean STD Distribution (x109) (x10°%)

o' 09033 0.9440 0.8330 09411  0.0028 0.0051 0.9655
Slwlre Test

Observed ‘T’:;’;’;]' 090385  0.9621 0.8640 09421 00022  0.0055 0.9669

& 09290  0.9660 0.8590 09441  0.0023 0.0045 0.9778
ol Total

Hashemi . ol 0g950  0.9322 0.9122 09207  0.0013 0.0017 0.9881
RO Test'

Predicted }’;;T‘r’]' 0.8989  0.9660 0.9220 09232 00019  0.0011 0.9887

%‘;’ 09022  0.9610 0.9330 09265  0.0011 0.0009 0.9880

o' 8gog  0.9000 0.8655 09321  0.0018 0.001 0.9804
Slwlre Test

Observed ;:;T;]' 08810  0.9120 0.9533 09311  0.0040 0.0051 0.9807

‘ & 08890  0.9880 0.9777 09312  0.0019 0.0090 0.9808
Gbox> Total

Jamshidi . ol ges50  0.9040 0.9128 0.9204  0.0003 0.0009 0.9917
SRR Test

Predicted 27 08960 09000 0.9260 09367 00026  0.0008 0.9940

%‘; 09000  0.9010 0.9545 09357  0.0006 0.0007 0.9979
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Fig.5. Comparison between the consumed and optimum energy input variables (The black and red bars represent the
standard deviation of the mean and optimal, respectively)
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Introduction

Neglecting the water requirements of trees can result in inefficient irrigation practices, leading to either water
wastage or drought stress. Effective irrigation management necessitates precise information on the quantity and
pattern of water consumption by trees. To achieve optimal irrigation, a reliable method for quantifying plant
water needs is crucial, ensuring that trees avoid drought stress. Current methods for assessing tree water
requirements often focus on specific components, such as stems or leaves. These techniques typically require
manual intervention, which is time-consuming and resource-intensive, thereby restricting their application
mainly to research environments.

Materials and Methods

A sap-flow meter device was developed to generate a heat pulse in a tree trunk at 15-minute intervals. The
device comprises measuring probes, a processing unit, and a data logger. For a comprehensive evaluation, device
probes were positioned on the trunk of a Ficus benjamina tree within a controlled environment at two distinct
heights. The resulting sap flow through the vascular tissue was then compared to data obtained using the
lysimetric method. The Ficus benjamina tree, with a trunk diameter of 3.5 cm and a height of 196 cm, was
prepared during the summer of 2022. By measuring the rate of heat pulse dissipation and applying heat transfer
principles, sap flow is estimated under the assumption that heat transfer occurs primarily through the sap flow
within the vascular tissue. This estimation was achieved using the heat ratio method (HRM).

The trunk was triple drilled with holes of 1.5 mm in diameter and 25 mm in depth. Following drilling, the
probes were inserted into these holes (Figure 1). To prevent heat transfer from the probes to the surrounding
environment, the trunk was wrapped with glass wool insulation. To assess the reliability of the device, the
lysimetric method was employed to measure tree transpiration. For this purpose, the soil surface of the pot was
covered with cellophane to ensure that evaporation and weight loss of the pot occurred exclusively through the
tree's leaves. Hourly measurements of the pot's weight were taken using a digital scale. Changes in the pot's
weight indicate the amount of water evaporated, which corresponds to the water transpired by the tree through its
vascular tissue.

Results and Discussion

The results showed that the sap-flow meter device slightly overestimates the tree's water consumption
compared to the values obtained using the lysimetric method. Sap flow and transpiration follow a similar trend,
both escalating throughout the day and reaching their highest levels in the early afternoon. This value reached
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17.98 ml h! for sap flow and 16 ml h* for transpiration (by lysimetric method), followed by a rapid decrease in
the late afternoon as the air cooled down. In addition, the results of device measurements showed that spraying
water on the leaves lowers both the rate and volume of sap flow. When the canopy becomes wet, the evaporation
of water from the leaf surface leads to a drop in the temperature, which in turn significantly slows down the flow
of sap.

The vi/v; ratio is not constant over time, making it crucial to choose the right starting point for measurements
to ensure effective data acquisition during the device's operational cycle. It is essential to measure (by the
device) the difference between temperature probes 40 seconds after heat pulse generation. The sap flow and
transpiration followed a similar trend during the experiments. The sap flow and transpiration increased
throughout the day, peaking in the early afternoon. On the first day, sap flow reached 17.98 ml h, while the
second day recorded an even higher rate of 19.75 ml h™. Correspondingly, the transpiration measured using the
lysimetric method peaked at 16 ml h%, followed by a rapid decline in the late afternoon.

Conclusion

The results obtained from the developed device indicate several key findings. Sap flow and transpiration
exhibit a similar trend during the test period, with the estimated sap flow value being approximately 30% higher
than that obtained using the lysimetric method. The device effectively demonstrated the impact of surface
irrigation; spray irrigation influences the sap flow rate such that when the canopy becomes wet, the sap flow rate
decreases significantly. Additionally, sap flow and transpiration are positively correlated with air and canopy
temperatures, and negatively correlated with relative humidity. Following calibration, the results show that the
heat pulse method can accurately and effectively measure sap flow in the vascular tissue of trees.

Keywords: Heat ratio method, Lysimetric, Sap flow, Water tension
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Table 1- Correction factor for the effect of tyloses (Burgess & Downey, 2018)

(o i) o ;5 o
Wound diameter (cm)

0.17
0.18
0.19
0.2
0.21
0.22
0.23
0.24
0.26
0.28
0.3

c d
1.6565 -0.0014 0.0002
1.7070 -0.0014 0.0002
1.7701 -0.0017 0.0002
1.8292 -0.0019 0.0003
1.8909 -0.0022 0.0003
1.9554 -0.0025 0.0004
2.0226 -0.0029 0.0004
2.0685 -0.0031 0.0005
2.1932 -0.0038 0.0006
2.3448 -0.0047 0.0008
2.4908 -0.0057 0.001
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Introduction

The livestock sector excels in the production of dairy and meat products. These products, serving as vital
sources of animal protein, hold a significant position in household diets. The significance of these two products
in the food basket has heightened awareness around animal health. Regularly tracking rumination time serves as
a vital and insightful measure to obtain information about the rest and overall health of an animal. This
information enables prompt intervention for health or nutritional issues, allowing for earlier management
adjustments and veterinary care to effectively combat the onset of disease. In the past, rumination was usually
monitored through visual observation by on-site staff or through videos recorded by cameras installed on the
livestock. Nowadays, the growing scale of livestock farms makes it impractical to effectively monitor the
animals individually. The traditional method of visual observation demands the continuous presence of livestock
professionals and is extremely time-consuming. Currently, sensors and digital technologies have become
important tools for accurate animal husbandry, enabling real-time monitoring of rumination. A review of the
research in the field of precision animal husbandry shows that many efforts are being made to develop precision
monitoring sensors to overcome the mentioned problems. Continuous and automatic monitoring of animal
behavior through sensors can offer valuable insights into nutrition, reproduction, health, and overall well-being
of dairy cows.

Materials and Methods

In this research, an accelerometer-based sensor was developed and used in the precision agriculture
laboratory of Tabriz University, Iran. The sensor was installed in three different positions on the cow's body to
collect data. Important factors were calculated from the raw data, and the modeling was done using the logistic
regression method. The logistic regression model was trained to distinguish rumination from the other cow's
behaviors. The developed model was evaluated using the receiver operating characteristic (ROC) curve, and
three other evaluation criteria: precision, sensitivity, and F-score. Finally, the performance of the final model and
sensor was evaluated in the field for a few days.

Results and Discussion

After calculating the evaluation criteria for different calculation factors, four optimal factors were finally
selected from the 50 arrays. Muzzle mode was found to be the best place to install the sensor. Logistic regression
was the best modeling method for binary classification between rumination and other behaviors. The evaluation
criteria of the model in the proposed sensor are the highest, and the values of sensitivity 88%, accuracy 94%, and

©2025 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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F-score 91% were obtained through logistic regression analysis. The final test results of the model revealed that
the sensor demonstrated an impressive detection capability of 89.47%. Furthermore, the developed system
exhibited strong alignment with the actual field observations, highlighting its effectiveness and reliability.
Finally, the results of the current study were compared with other studies in the literature.

Conclusion
This study investigated recording and monitoring rumination behavior using an accelerometer, which can
help prevent financial losses in cattle farms. After examining different mounting locations of the sensor, it was
found that the muzzle position provided more accurate detections than the other mounting locations. The final
model was created using the statistical factors and the calculation of the evaluation criteria. The results showed
that the proposed model provided more correct diagnoses and achieved the optimal solution.
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1- Real Time Clock
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Fig.1. Developed sensor in Biosystem Engineering Department of Tabriz University
1- RTC battery holder, 2- Accelerometer, 3- Seven segment, 4- SDcard, 5- RTC, 6- On and off button, 7- Clock display
buttons, 8- Microcontroller, 9- Reset button
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Table 1- Calculation factors

3, BTl
Row Factor

Ao (g,
Calculation method

1 max.10.max

fg i 4 bgrpe 03 Vo ya Ay

The maximum of every 10 data related to the maximum column

2 max.10.mean

Wl (g 4 bgpe 033V 2 (1:Ske

The average of all 10 data corresponding to the maximum column

3 mean.10.max

OSbe (g 4y baspe 0dld Vo iy

The maximum of all 10 data corresponding to the average column

4 stdv.10.stdv

o GBlyzl gt 4y bgyye 0dld Vo ya jlixe Bl ool

The standard deviation of all 10 data corresponding to the standard deviation column

5 stdv.10.mean

o Gl 5y e 0305 1+ o Sk

The average of all 10 data corresponding to the standard deviation column

6 stdv.10.max

S SBlimil (gt & baape 033 Ve o dlidy

The maximum of every 10 data corresponding to the standard deviation column

7 max.50.mean

The maximums of the 50 data for columns X, Y, and Z were calculated, and their average was determined.

8 var.50.mean

The variance of the 50 data for columns X, Y, and Z were calculated, and their average was determined.
O Egee 01alCundd 031 s b (gl e g 05 Awlie jlimecdl il ¢ g Cygots Z oY X lagio 4 bgspe 03> 0 ya ]

9 stdv.50.sum

The standard deviation of the 50 data for columns X, Y, and Z were calculated, and their sum was

determined.
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10 stdv.50.mean

The standard deviation of the 50 data for columns X, Y, and Z were calculated, and their average was

determined.
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Table 2- Factors evaluation criteria

Prvqt alw! [LVOV) PV S F-Score
Factors Threshold  Sensitivity Precision
Mean.10.max 0.4 0.95 0.49 0.64
Max.10.max 0.3 1 0.57 0.72
Max.10.mean 0.3 0.98 0.57 0.72
Stdv.10.stdv 0.4 1 0.50 0.66
Stdv.10.max 0.4 1 0.54 0.70
Stdv.10.mean 0.3 0.95 0.53 0.68
Max.50.mean 0.4 0.88 0.77 0.82
Stdv.50.sum 0.4 0.94 0.82 0.88
Stdv.50.mean 0.4 0.94 0.82 0.88
var.50.mean 0.5 0.94 0.84 0.89
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Table 3- Evaluation criteria for different sensor installation positions

» “exSge Wl e - F-Score
Sensor position Threshold Sensitivity Precision
ol
T 0.4 0.91 0.75 0.82
Dewlap
WAIRY
P 0.4 0.90 0.64 0.75
Next to the ear
3
T ° o ——————2 - - o e———e—o -
2 @ o4 03 02 b o i g @ | < 03 02 o1 o -
e © ° 05 g < °05 IS}
é 7 o 00.708 B § % 7 o I~
8 < | /o8 2 = 06 @
a o & — o o T
E] (09 - 3 p
. ] f | © N 07 B
o | | (=T . =
< T T T T T T N < Tro T T T T T =
00 0.2 04 06 08 10 0.0 02 04 06 0.8 10
False positive rate False positive rate
A ) S Guad 965 HUS 0 K cuai

Installing the sensor in dewlap

Installing the sensor next to the ear
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Fig.2. ROC curves for two sensor installation modes

Y = —2.31959 — 0.07270 max.50. mean
— 5.79403 stdv.50.sum (Y)
+ 20.33501 stdv.50.mean
—0.30176 var.50.mean
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Table 4- Muzzle sensor evaluation criteria
915 o lowd P Cyrdge abiwl CHVI WS Cove Lo
Cow number Sensor position  Threshold  Sensitivity Precision
4 Muzzle 0.6 0.84 0.87 0.85
5 Muzzle 0.6 0.91 0.95 0.93
6 Muzzle 0.6 0.95 0.95 0.95
] o3l 5
T Sy Muzzle 0.7 0.90 0.91 0.91
Combining data from three cows
taodl> J5 Muzzle 0.6 0.88 0.94 0.91

All data




WM ool p o SleMbl ol 4 lgsis jld, g3lw e b pld Cwodw (il ool yKod g (gulg

[}
0% l T 7 o op————2 D
o .@m‘l 0 o9 OI ©
= o -5 & ] Jo7 .-
2 < | 7 | °
3 © ] B 08: g o B
= . | ™ 3 08 w
— . o = - J S
° ' ] ' ' ' - g 5 T T T T — °
0.0 02 0.4 0.6 0.8 10 0.0 02 04 06 08 10
False positive rate False positive rate
bojlad o5 ¥ oyl ol
Cow number 5 Cow number 4
5
T 502 o @ Ol_ o | epoeer Ol Nl
% g _ 00 80 ?39030 201 B %3 g | :WB 1 B
2 4 77 - B g - (o9 - @
2 |- i | °
& 37 o B g S B
3 2 3 o
= _ o (= 7] =
o | = .
e = \ T T T — ° = T T T T T — °
0.0 02 04 06 08 1.0 00 02 0.4 06 08 10
False positive rate False positive rate
o5 dw Sy £ oylaus o8
Combination of three cows Cow number 6
calisee slogls (sl ,556 ,loa b (silwJie ROC o =Y ISe
Fig.3. ROC curve of modeling with four factors for different cows
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Table 5- Sensor performance test results
LJ?U“ ) [ M&J.. S M):
Analysis Detection percentage (%)
Slaads 0 o)luilial b S Jgl 59y il 875
Analysis of the first day of the sensor with a 5-minute standard '
(14883 8 3kl b S 29 59y ulos 93
Analysis of the second day of the sensor with a 5-minute standard
8y ()l p b S Jgl 59y Jelos 86
Analysis of the first day of the sensors with behavioral tagging
1) Gz b s po3 o) Jobss 87
Analysis of the second day of the sensors with behavioral tagging
395 90 IS oS 5 s Juboo o

Analysis of the results of the combination of two days
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Table 6- Model evaluation criteria for each day's data

@w .. " w ..
. o F-Score
Results Sensitivity Precision
First day of sensor performance with behavioral tagging ' ' '
)l;'é) d)“‘@w)" L' )§""‘> ‘3/‘i‘l""c £9° )9, 0.86 0.90 0.88
Second day of sensor performance with behavioral tagging ' ' '
Sy g ez b oy 90 Sy
: 0.88 0.90 0.89
Combining two days with behavior labeling
slaads b 5)lbisl b S 5,Slas Jol 59, 1 066 080
The first day of sensor performance with a 5-minute standard ' '
sladds 0 5)lulinl b S 5)Sles g0 39,
. . 0.94 0.94 0.94
The second day of sensor performance with a 5-minute standard
Slaad> 0 )kl b g5 93 S
0.95 0.87 0.91
Combination of two days with 5-minute standard
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Table 7- Final sensor performance results

Analysis  Juo

Detection percentage  yadwid &y

Jol 55y slaodls llas

Match the first day's data
p93 jo) sbrodly las

Match the second day's data

Py joy sloodls Gl

Match the third day's data

595 4w sboodly lgzeis (gbrodly Julow
Data analysis of rumination data of three days
59 4w sodly Hlgeis e gbrodly Julow
Non-rumination data analysis of three days' data
Joydw glaosls JS' Llos

Total data analysis of three days

%86.08

%90.07

%91.95

%90.67

%88.81

%89.47

s S sloodls sl Jue b)) slaybiae A Jgaa
Table 8- Model evaluation criteria for final sensor data

@.w . " L"é .
. o F-Score
Results Sensitivity  Precision
Jsl sy 0.92 0.72 0.81
First day
P9 392 0.94 0.82 0.88
Second day
Py 392 0.89 0.91 0.90
Third day
Rl 0.91 0.82 0.86

Three day composition
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Introduction

Subsoiling is a critical tillage operation for many crops, particularly sugarcane, due to the impact of agricultural
machinery traffic and its significance in managing heavy-textured and compacted soils. Given the extensive size of
sugarcane fields and the time-intensive nature of subsoiling operations, the application of intelligent control
techniques for monitoring and managing these processes is of considerable importance. Currently, subsoiling
operations are monitored using manual gauges. This approach involves collecting a limited number of samples per
hectare, typically after the operation is completed, which makes it nearly impossible to implement real-time
corrections. To address this limitation, the development and implementation of a depth measurement system offer a
promising solution. Such a system enables real-time observation of working depth by both the operator, via an on-
screen display, and by a remote observer through an online platform. This capability allows for immediate
adjustments during the operation, ensuring greater precision and efficiency. Furthermore, by integrating recorded
depth data with geospatial information, it becomes possible to generate detailed maps illustrating depth variations
across the field. These maps can serve as valuable tools for further evaluations, such as performance monitoring in
areas where subsoiling depth deviates from the desired range, either being too shallow or excessively deep. This
technological advancement has the potential to significantly enhance the accuracy and effectiveness of subsoiling
operations in modern agricultural practices.

Materials and Methods

This study focused on the design, development, and evaluation of a depth measurement system for a
subsoiler attached to a track-type tractor, specifically tailored for sugarcane fields. The system not only provided
real-time depth display but also recorded the location and transmitted it online. The research employed three
distinct depth measurement techniques and was conducted using a randomized complete block design with split
plots. The main plots are the three depth measurement techniques: based on the angles of the driving profiles of
the subsoiler shanks (T1), the laser distance measurement method (T2), and the ultrasonic distance measurement
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method (Ts), and sub-plots are depth ranges at three levels: 0-30 cm (Ri: surface range), 30-60 cm (Rz: mid-
range), and 60-90 cm (Rs: deep range). Initially, we calculated the absolute difference between the depths
recorded by the system and those measured manually with a rod at each location. Following this, we analyzed
key statistical indicators, including the average, standard deviation, and the minimum and maximum of errors,
for comparison.

Results and Discussion

The results showed that the depth measurement error was significantly influenced by the technique
employed. The angle technique yielded the lowest average error of 1.91 cm, while the ultrasonic technique
resulted in the highest average error of 3.83 cm. Across all depth ranges, statistical indicators for depth error
were significant. Specifically, within these ranges, the deep range exhibited an average depth error of 2.33 cm,
and the surface range had an average error of 3.65 cm. Statistical analysis revealed that only indices related to
minimum and maximum errors for interactions between factors were significant. The lowest minimum error
value (0.05 cm) was observed with the angle technique at deeper depths, whereas the highest minimum error
(0.34 cm) occurred with ultrasonic measurements at shallower depths on surfaces. Similarly, maximum errors
followed this trend: The lowest maximum error (3.21 cm) was associated with angle measurements at deeper
depths, while ultrasonic measurements on surfaces yielded a higher maximum error (8.63 cm). Both laser and
ultrasonic techniques consistently demonstrated greater errors across all three depth ranges compared to angle-
based methods. This discrepancy may be attributed to inaccuracies inherent in rangefinders when their beams
encounter obstacles like clods or pits during field operations. Notably, as working depths increased across all
measurement techniques, errors in depth measurement decreased significantly due to reduced vibrations from
subsoiler devices at greater depths, thereby minimizing vibration-related inaccuracies.

Conclusion

The results indicate that the depth measurement technique based on the angles of the driving profiles of
subsoiler shanks exhibits superior accuracy in determining the working depth of subsoilers mounted on tractors,
particularly during sugarcane field operations. The laser distance meter technique ranked second in terms of
accuracy, while the ultrasonic distance meter method demonstrated the least precision. Notably, as working
depths increased, reduced vibrations during operation were observed, leading to enhanced accuracy in depth
calculations across all techniques. This improvement is attributed to decreased mechanical disturbances at
greater depths. Overall, measurements within deeper ranges achieved higher levels of accuracy compared to
those at shallower surface ranges. This trend suggests that operational conditions and device stability play
significant roles in optimizing measurement accuracy.

Keywords: Angle sensor, Depth monitoring, Laser distance meter, Precision farming, Ultrasonic distance
meter
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Fig.1. A view of the subsoiler device attached to the bulldozer

as 50 5l @b 59809 9 Sb 5~
A- The subsoiler and bulldozer outside the farm
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Table 1- Characteristics of subsoiler and bulldozer in this research
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B- Depth measurement using laser and ultrasonic distance
measuring techniques
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A- Depth measurement using angles technique
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Fig.2. Schematic of inputs and outputs of circuits related to different depth measurement techniques
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A- Measuring depth (d) with sensors based on the profiles’ angle relative to the horizon (o and )

4l 9 (U) Syl ® S dbsgay (oriwalold jl odlizul b (@) os Siovis —¢

() 38l 4 Copmd S ] puite
C- Measuring depth (d) using distance measurement by an

ultrasonic sensor (u) and the variable angle of the sensor relative to

the horizon ()
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B- Measuring depth (d) using distance measurement by a laser

sensor (s) and the variable angle of the sensor relative to the
horizon (a)

OS5 (Fws os ilisee (slasbyy 13 Sge il g o Sue el Joe =Y JK
Fig.3. The placement of sensors and effective elements in different subsoiler depth measurement techniques
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A- The system constructed for the angles technique; (a and B): the angles sensors of the profiles, and (P): the processor with
the monitor
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C- The system constructed for the ultrasonic technique; (a):
the angle sensor of the ultrasonic sensor holder relative to the
horizon, (u): ultrasonic sensor, (h): holder boom, and (P): the

processor with the monitor

015,14 gy gl S :(0) £ )3 (hgy b g osdaiils Slle —o

{(P) 5 R 03585 poy 1) (555 K 1(8) ¢33l &1 s (63 K

EFARTIUNSE TS

B- The system constructed for the laser technique; (): the
angle sensor of the laser sensor holder relative to the horizon,

(s): laser sensor, (h): holder boom, and (P): the processor
with the monitor
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Fig.4. Images of the construction of the system based on different depth measurement techniques
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- AT S T e R e .
XTI gﬂ}' 4?;: Gos s e aol\-;_quaa J-‘ﬂ;» wh-; glbs S ‘;»
. egree 0 Mean o inimum o aximum o
Sources of variations freedom depth Standard deviation  gepth error depth error
errors of depth error
Ssb Block 2 0.61 0.04 0.006 5.19
ST Y) Depth measuring
M technique (T) 2 8.32** 1.91** 0.028** 23.58**
a glas Errora 4 0.03 0.01 0.001 0.69
S (ﬁ;“" Depth range (R) 2 4.21%* 0.54%* 0.071** 11.61%*
(T*R) Jtize 51 Interaction (T*R) 4 0.04 0.04 0.002** 0.08**
b las Error b 12 0.02 0.03 0.001 0.02
() a5 Coefficient of 5.1 183 2.2 2.61

variations (%)

* and **: Significant at 5%, and 1% probability levels, respectively 1oy gz Jhin! polaw ) o dre o gy 7% o *

*L}a.c d);a)‘l.xﬂ L;lb_'& dhzua_&u wi:l.m d..u.ub.n -y JS»
Table 3- The means comparison of depth measurement error indices®

sl (SSke ) , . ) o " o
Josi s Gos ks -)li.-xn Al ol & slas Jolas & sls 2Slas
Treatment Standard deviation of depth Minimum of depth Minimum of depth
Mean depth error (cm) error (cm) error (cm)
error (cm)
(Pt B (99
Depth measuring
technique (T)
Ko 1.91c 053¢ 0.12b 449D
Angles (T1)
S5 2.93b 1.03b 0.22a 5.48b
Laser (T2)
2l 383a 146a 0.21a 7.66a
Ultrasonic (T3)
Gos duld
Depth range (R) (cm)
0-30 (R1) 3.65a 1.29a 0.28a 6.97 a
30-60 (R2) 2.69b 0.89b 0.17b 5.96 b
60-90 (Rs) 2.33¢ 0.83b 0.11c 4.71c

W gy gime Sglds Jlain] dopd B s 53 s S yidie By )b &S ola (Sl (g o 0*

*In each column, the averages that have common letter(s) do not differ significantly at the 5% level.
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Introduction

In recent years, the lack of adequate regional assessment and classification has led to unequal investments
and policies, resulting in polarization and disparities in the development of agricultural units. However, since
agricultural products are produced, distributed, and consumed nationwide, analyzing production conditions
across different agricultural systems can provide valuable insights for supply chain managers. A comprehensive
evaluation of production system development across the country can enhance product quality, stabilize the
supply chain, reduce costs, and improve overall efficiency and performance. These improvements are vital for
advancing the agricultural sector and strengthening national competitiveness. In many regions, agriculture forms
the backbone of the local economy, making regional equity and balanced development essential for sustainable
agricultural growth.

Materials and Methods

This research was conducted with the aim of evaluating the development levels of different provinces of the
country in the field of edible mushroom cultivation. The approach of this research is descriptive-analytical. The
statistical population includes 31 provinces of Iran, and the required data are based on the results of the 2016 and
2021 censuses of the Statistical Center of Iran. Following the initial review, indicators that emphasize the aspects
of human power, infrastructure, performance, waste, economy, and energy were collected. Weight estimation of
indicators was done using Shannon's entropy method. The TOPSIS method was used to assess and rank the
provinces based on their level of development within the mushroom cultivation industry. The ranking operation
was done using eight different index groups: infrastructure, consumption of inputs, value of consumption inputs,
types of products and waste, value of payment types, value of product categories, value of energy consumption,
and the number of employees and payments to them.

Results and Discussion

Results show that in 2016, the provinces were classified into three levels: relatively deprived of development,
medium development, and relatively developed. Apart from Alborz province, which was placed at a relatively
developed level, other provinces were placed at lower levels. By 2021, all provinces had made significant
progress compared to 2016, elevating their development status so that none were classified as relatively
deprived. Furthermore, the number of provinces categorized as relatively privileged surged from just one in 2016
to eight by 2021. The findings revealed that the smaller, non-industrialized provinces exhibited greater
development compared to their larger, industrialized counterparts.

Conclusion

The results showed that Alborz province had the highest level of development, and Semnan province had the
lowest level of development of this industry in the country. The level of development and ranking of edible

©2025 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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mushroom cultivation units in the provinces was obtained by using different categories of indicators and the
TOPSIS multi-criteria decision-making method. To enhance the production and productivity of cultivated edible
mushrooms, it is essential to advance cultivation techniques and technologies through the expansion of research
initiatives, educational programs, and extension activities.

Keywords: Capeland, Level of development, Multi-criteria decision making, Mushroom, Shannon’s Entropy
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Table 1- Investigation of development degree criteria in edible mushroom production units based on basic and
dimensional criteria of edible mushroom production units in the country of Iran
9 ‘
Ranking General evaluation criteria Development indicators Unit
Method
Sh b Uhign slaasly sl i
L The number of edible mushroom cultivation units
. Shot @ Gaon slels ol 5 2l Shss @B Ubysn ol sl
'”fraStrUCture:Sl?i\‘j;?g;‘sdﬁ?tss of mushroom  The numper of edible mushroom cultivation halls
Shgs @ Vhsn sl J5 colus & e
The total area of edible mushroom growing halls (m2)
Ready compost —sslel cwgees’ (kg) p,5sks
Chicken manure - ¢ o 38
. . (ton) oy
Perlite soil -cdJ,, S
Peat soil (covering)—(ss) cu SB- (M3) o 20
Straw —ilSg olS (tonne) .y
Spawn (seed) ~(,%) oo
BB Shosn glaoly esddyas slhodlys )i Nitrogen fertilizer (urea) —(s,sl) «jl 35
2 Sh# Wheat —p.5
The amount of inputs consumed by

. . Limestone -al Kew
mushroom cultivation units

Gypsum stone -5 S (kg) .5k
Molasses —_.sMs
Planting bag —cuis aws
Solid chemicals —els pu
Liquid chemicals —xle v

Disinfectants oaus’ ssicas dlge L)~
Total input value- Js esles 5!
Ready compost —oslel cusgees
Chicken manure - & ,» 54
Perlite soil -cd,, S
Peat soil (covering)—( qiuis) cuy SB

Straw — ilSg olS
Spawn (seed) —(,4) ol
BB Uhygn slasly ordhpas slaodks (55)] Nitrogen fertilizer (urea) —(s sl) ;1 355 .
Shs Wheat —p.:5 Jus sl
Value of consumed inputs of mushroom Limestone —.Sal S (Thousand Rials)
cultivation units

Gypsum stone -5 S
Molasses - Mo
Planting bag —cuis aws
Solid chemicals —sols wu
Liquid chemicals —glo
Disinfectants oaus’ ssicss dlge

Other- ;L.
2B Uy n slassly Sluls § iy gyl jlade

Shss Package button mushroom- claw., (lass's ¢, (Kg) p,5els
Amount of products and wastes of Bulk oyster mushroom- ¢las  s.ao g,

Bulk button mushroom- slals glasSs z )
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mushroom cultivation units

Shed @b Ghygp slassly sla i3y glgl (b5
5 The value of various types of payments for
mushroom cultivation units

Shes @B Lhsn slersly Sladg elgl (b))
6 The value of various products of mushroom
cultivation units

2ds B Ol g By g oAb e Cogw 5]
7 Shss @B Ghisn glassly
Value of consumed fuel and electricity and
water of mushroom cultivation units

oMels & Ldygy oy la By g (Mels dlass

8 The number of employees and the payments
of the mushroom cultivation unit to them

Bulk oyster mushroom- gla bis g,
Span- L.l
Waste after production-uJe jl se cluls
Minor building repairs- sl i <l e
Minor machinery repairs-c.¥iyile Sjr ol pess
Minor vehicles repairs-ali Lo 33> <l ypens

Building rent- ;lezsls o)l
Communications -cbLls,)

Commercial insurance premiums- ,l>s cladey s>

Packaging materials— ciudiu pjlg
Paper, stationery, and — ¢ s g3l 4 Jl38lcuss Jels
office supplies
Agricultural services- g;,slis wloss

Legal -5 g cus closs plo g (owplos ¢ Sgis loss
services, auditing, and other business services
Bank fees- b (slas e )8
Others- ;L.

Bulk button mushroom- glals dlaeSs z )6
Package button mushroom- glac., lasSs z)B
Bulk oyster mushroom- glas o z,6
Bulk oyster mushroom-¢lai., i g,
Span- Ll
Waste cCompoSt—awis y CusgraS’

Bulk button mushroom- glals dlaeSs z )6
Package button mushroom- glac., laeSs z)B
Bulk oyster mushroom-¢lals éuo ¢,
Bulk oyster mushroom- glauw, sy g6
Span- L.l
Waste cCompoSst—awis  CusgreS’

Jus
(Thousand Rials)

kerosene—us.iw cas
Gasoline- 3955
Petrol- .y 5
Liquid gas-gL ;5
Natural gas— b ;5
Other fuels— 5 g dlge o
Electricity- s,
Water- |
Wages and salaries paid— zsls, 558> 5 350
Other payments-la_zsb,; ,lo

Total number of employees— Mels S slaws (Person) ,a

M 9 Ol o3 Jl dswgs (8 5 (o8 aw b5y =T Jgsa
Table 2- The assessed quantitative and qualitative development levels from the perspective of Prescott and Allen

oweU (S35 g

) 0.8-1 0.6-0.8 0.4-0.6 0.2-04 0-0.2
TOPSIS closeness index
) Do tas > ») J‘f_‘”“’ papne b gy 5] pyyme kS
Angs | (S)0)95 p Cumdg dosgi | oy98 3 MalS Ay (ny? drgs Completely
Status of development Fully developed Relatively I\Sodelratel()j/ Relatively deprived of
developed cvelope Undeveloped development

(developing)




1PeF bl oF oyl IO ol (655l locpmislo 45 pis YV

o 2Bl bl Cunsg g duslio gl olie Mlgn b e S
b cgan lwjgs 5 Jn) ol glagliowl ol o
A YA o sloodly ool p (S35 Co s Jlade oy i
9 Ol 9 SeBlaawgs slaglionl 0y 13 (25 5 laial
5 eIl o8 cnling 5 AnglSeS rds (LS erm (ol sly
ANa) 5.5 4 ld glisl o ey e jl 35 )i 5 Jleoylex
.(Moradnezhad, 2008

P OB Mg a9 sblie (w)p ) 55 )lSer 5 Sigw
Obr) g ol gy 12,5 Cul gyt oMW (slagiS
B 0y IS 5 aoyn B0 (Lo 5 SiloSisks « Signili ¢ ln g
9 ader 385 5l ol a8 Wledly [olaid) agd 4 1y jauiS opl 4o
Cowl youiS pl 5l wold gadS bl o 2,8 Wy Caiuo dawgs
Ol Ken 9 KI5 yzmen (Singh, Kamal, & Sharma, 2021)
o9l 4521 LS (e 598 @)L5 g5 (SBldawg oy 2
L;l>L4.: dloL..p 4 019?.-‘?3—“’ asle Ls_J.'>|J dlmdt;.:] )‘ Ol)'”L:&f
o )L o o Jas U wlod S cpnlhe Sihas g ojlngd
aS Cal (Jolw sblie j 7, Mg drwgs (ol ylis opl S
Ay e yid 3 gllas clgn 5 T asle Lolse il cos Yl
(Zhang, Geng, Shen, Wang, Dai, 2014) 5,l> ;1,3 ;L

5.0
= (Ranking #38)
45 ® (Ranking #4)
40
¥ I
2 35
||I||I| |

n
(=)

N
3
§

=
3
]
w I [ |
|
|

(Closeness index

=
o

o o
o
I
ISEN B

& [
o1

u (Ranking #7)
(Ranking #3)

s Sllyd 1 51 9 (S dae gy s by olaws Jlgl,8 3]
bl g3 s (sl g0 53 9 i dhe Dy iy S
a2y bl &l o g ol jhd 05 535 p glp el (e 00
O JoS5 5l e a0 )13 (woSan ygbody a8 (VL slasl 4
> ggome 9 o balue ply o le Jlaw po Egeome ¢y le
9 o3 bale LBl e sl (0 Cglie plp ( ple (gt
Moghimi & ) 54 sles canas) lm o)lume (s Colae
.(Taghizadeh Yazdi, 2017

(80Sdas slajle 5l glate diwd i | oolawl Ly
Shod @b My balols dnug Gliee s I )9S slaglin
Ve g WY by datie 90 0 gy Gldas W0d gabdd),
Y o 0 WA Jlw (cdas) jl sdalccwda gols b bl
(C1) (S35 oSl ol 51 0pb] 545 ol 33 03
Ohgy Stz 3 ool 3)50 (gLajlins g5 Cunl gl s
Labey 5l S o o baplil 1 Sy 4 oad el gl
8l Sglize Mels
SBLasg e il ol Cunsg s Giales jglated;
2 (S 90 (g uasy S)kee don (lojen (185 i )3 4
P9y (OP S getne sl390 ml 53 A e Y JSS
A8 ool 3)50 (ganasy (g cutin a5l il pa 5> el

(Ranking #6)
m (Ranking #2)

= (Ranking #5)
m (Ranking #1)

7 9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

(Provinces) bl

Fig.2. Closeness index based on different rankings using TOPSIS in 2016
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Table 3- Ranking results of provinces based on different indicators using TOPSIS in 2016

. ot o6 Vsnad,  Yesead,  Yeaedad,  fesbad, 0 sbad, Tusead,  Vahad,  Agaaad,
‘,:1") I‘: e Ranking ) Ranking ) Ranking ) Ranking ) Ranking ) Ranking ) Ranking ) Ranking )
o. rovince
# #2 #3 (#4 #5 (#6 #7 (#8
1 Ardabil- o) 14 28 31 7 6 23 22 13
2 Isfahan- ;! 3 3 25 6 7 31 31
3 Alborz-; I 1 2 30 1 1 29 28
4 llam-pM) 31 15 12 16 28 1 1 30
5 B -y ")_l."qb')b‘ 20 24 22 28 27 9 12 18
Azarbaijan
6 Worwtokmb 12 6 20 8 8 15 17 16
Azarbaijan
7 Bushehr- .54 26 19 11 24 22 8 5 24
8 Tehran- s 2 31 1 5 5 26 29 4
9 Jbeelor
9 Kias 8 14 28 10 10 25 23 3
Chaharmahal &
Bakhtiari
10 _ewrokls 24 9 6 18 11 16 20 19
S. Khorasan
—98) bl
11 Razavi 4 29 24 29 12 30 30 7
Khorasan
12 N = o oluls 27 16 13 17 30 4 2 31
Khorasan
13 “oks 9 1 29 2 2 27 25 8
Khuzestan
14 Zanjan-les; 22 25 27 22 14 12 13 20
15 Semnan-liew 17 10 5 12 16 5 9 29
9 Ol
16 bk 30 13 9 15 26 6 11 27
Sistan &
Baluchistan
17 Fars— 1 18 16 14 13 21 16 5
18 Qazvin- 458 6 23 4 4 22 26 10
19 Qom-é 23 21 26 11 19 10 6 23
20 Tk, 16 20 21 27 20 17 15 12
Kurdistan
21 Kerman- ., 11 8 8 13 18 18 21 11
22 ~obiile,S 28 18 18 20 9 14 7 22
Kermanshah
9 4lSeS
23 o>l 13 27 2 25 25 7 14 17
Kohgiluye &
Buyerahmad
24 Golestan- ks 10 11 14 21 21 20 19 14
25 Gilan- M8 21 12 17 19 23 13 3 25
26 Lorestan- ., 19 17 10 26 24 3 8 21
27 ~olile 7 4 19 3 3 28 2 9
Mazandaran
28 Markazi- ;s 15 26 4 30 15 19 18 15
29 “je 29 22 7 23 31 2 10 26
Hormozgan
30 Hamedan- 1o 5 23 3 9 17 24 27 6
31 Yazd-sj 25 30 15 31 29 11 4 28
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Table 4- Ranking results of provinces based on different indicators using TOPSIS in 2021

Vauad, Y gahad,  Ygahad, £ gabad, 0 gabdd, Tabad, Yaead, A gabad,

‘,:1") I‘:m' el Ranking)  Ranking) Ranking) Ranking) Ranking) Ranking) Ranking)  Ranking)
o. rovince
# #2 #3 (#4 #5 (#6 (#7 (#8
1 Ardabil- o) 9 20 21 20 20 23 11 8
2 Isfahan- ol 2 29 27 31 3 30 31 2
3 Alborz-; I 1 31 31 2 2 22 29 3
4 llam-pM) 21 11 8 22 26 3 5 28
5 E. -y ")_l_"g‘b')b‘ 17 23 10 17 19 11 13 23
Azarbaijan
6 W okl 20 2 14 6 11 19 18 16
Azarbaijan
7 Bushehr- 54 27 10 4 1 28 4 7 24
8 Tehran- s 3 24 28 5 1 27 30 1
9 Jbeelor
9 KZle 4 19 16 28 14 18 24 10
Chaharmahal &
Bakhtiari
10 _ewrokls 23 7 3 10 16 9 20 26
S. Khorasan
11 bl 8 30 29 25 12 26 28 4
Razavi Khorasan
12 N. - o oluls 29 18 11 12 29 8 4 25
Khorasan
13 ks 11 27 26 11 7 29 26 5
Khuzestan
14 Zanjan-les; 24 15 13 24 24 15 9 20
15 Semnan-—liew 19 8 9 13 15 7 12 18
= obergl 5 Gl
16 Sistan & 31 12 1 18 31 1 1 31
Baluchistan
17 Fars- )l 5 26 25 27 5 28 27 7
18 Qazvin- 558 6 25 30 3 6 25 22 6
19 Qom-43 25 13 6 15 17 14 10 14
20 Tokes 10 5 15 30 9 31 15 12
Kurdistan
21 Kerman-le,s 18 6 12 9 22 20 14 19
22 ot 30 22 22 21 13 5 3 30
Kermanshah
—denlpg g 45lSeS
23 Kohgiluye & 15 28 24 14 21 17 17 15
Buyerahmad
24 Golestan- k.5 13 17 17 23 18 16 21 17
25 Gilan- M5 16 9 7 16 23 10 6 21
26 Lorestan- ) 22 14 2 26 27 12 8 22
27 ~olile 7 4 20 7 10 2 25 11
Mazandaran
28 Markazi- ;s ,» 14 3 18 8 8 21 23 13
29 e 28 21 19 19 30 ) 2 27
Hormozgan
30 Hamedan- lies 12 1 23 4 4 13 19 9
31 Yazd-sj 26 16 5 29 25 6 16 29
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Fig.3. Closeness index based on different rankings using TOPSIS in 2021
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Fig.4. Development levels of edible mushroom production systems in Iran for the years 2016 and 2021 using the
average of eight TOPSIS rankings
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Table 5- Final ranking based on the integration of eight ranking methods results of edible mushroom production
systems in Capeland matrix
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Introduction

In Asia, two-wheeled agricultural tractors predominantly use single-cylinder two-stroke diesel engines,
which are characterized by high fuel consumption and substantial air pollution. At the same time, the severe
environmental impacts of energy production from diminishing fossil fuel reserves are increasingly evident.
Therefore, it is essential to develop sustainable and clean energy sources to meet these needs. Biodiesel is an
alternative fuel that can be blended with conventional diesel to help reduce environmental pollution. In this
study, diesel-biodiesel blends produced from rapeseed, soybean, and palm oil were evaluated for their effects on
engine performance metrics, including power (P), torque (T), and specific fuel consumption (SFC). Furthermore,
the emissions of pollutants (NOx, HC, CO, and CO2) from these fuels were measured and modeled using linear
and non-linear regression, as well as the adaptive neuro-fuzzy inference system (ANFIS).

Materials and Methods

To leverage the benefits of palm oil biodiesel, known for its high calorific value, along with the low
kinematic viscosity of biodiesel derived from soybean and rapeseed oils, pure diesel was blended with 10% and
20% mixtures of rapeseed, soybean, and palm biodiesel, as well as 10% and 20% combinations of all three
biodiesels. These nine fuel blends were tested at four engine speeds (1800, 2100, 2400, and 2700 rpm) under full
load conditions. The diesel-biodiesel blends were produced at Sari Agricultural Sciences and Natural Resources
University (SANRU) and transported to the engine laboratory at Tarbiat Modares University in Tehran, Iran, for
detailed analysis. A total of 36 treatments were evaluated using a randomized complete block design (RCBD),
incorporating four engine speeds and nine fuel types. The measured outputs included engine power, torque,
specific fuel consumption, and pollutant emissions such as NOx, HC, CO, and CO.. The collected data were
used as input for modeling through both linear and non-linear regression in SPSS software, as well as ANFIS in
MATLAB software.

Results and Discussion

This study evaluated nine diesel-biodiesel blends derived from palm, rapeseed, and soybean oils using a
diesel engine in a controlled laboratory setting. Tests were carried out at four engine speeds—1800, 2100, 2400,
and 2700 rpm—under full load conditions to assess engine performance and exhaust emissions. The results
showed that for all tested fuel blends, power, specific fuel consumption, and pollutant emissions increased with

©2025 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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engine speed, while torque decreased. Based on the findings, a blend containing 20% palm biodiesel can be used
as an alternative fuel in diesel engines without requiring any modifications. The modeling results indicated that
non-linear regression provided better accuracy than linear regression. However, ANFIS demonstrated a much
higher correlation between actual and predicted values, with R2 exceeding 0.98 for both performance parameters
and emissions, compared to R2 values below 0.47 for linear regression and below 0.92 for non-linear regression.
The ANFIS model achieved its highest and lowest R? values at 0.99 for specific fuel consumption (SFC) and
0.98 for power (P), respectively; substantially higher than those from linear regression, which yielded 0.47 for
torque (T) and 0.00 for power. Non-linear regression resulted in R? values of 0.92 for SFC and 0.60 for carbon
monoxide (CO), still lower than those achieved by ANFIS. Overall, the highest R2 value recorded was 0.7525 for
torque, and the lowest was 0.6112 for power.

Conclusion

Single-cylinder diesel engines, which have high fuel consumption and contribute to air pollution, are
commonly used in two-wheel agricultural tractors across Asia. One approach to reducing the environmental
impact of fossil fuels is to use biodiesel in these engines without requiring any modifications. The results of this
study showed that a 20% blend of palm biodiesel can be an effective alternative fuel for diesel engines, with no
need for engine modification. Furthermore, the modeling results indicated a significantly higher correlation (R? >
0.98) between actual and predicted values of performance variables and emissions using ANFIS, compared to
linear regression (R? < 0.47) and non-linear regression (R? < 0.92). Therefore, ANFIS can be effectively used to
accurately predict engine performance and emission parameters.

Keywords: ANFIS, Engine efficiency, Palm oil, Rapeseed oil, Soybean oil
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Table 1- Properties of diesel and biodiesel fuel mixtures with the molar mass and description in ANFIS diagrams
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Fig. 4. Correlation between measured and predicted data using linear regression models
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Table 3- Linear regression models of the studied parameters

Syl S yS 5 Jo
Parameter Regression model
NOXx (ppm) Y= 150.405 - 0.703 Fuel + 0.023 Speed
HC (ppm) Y=587.144 - 4.186 Fuel + 0.206 Speed
CO2 (%Vol) Y=19.977 - 0.066 Fuel + 0.002 Speed
CO (%Vol) Y=5.654 - 0.036 Fuel + 0.001 Speed
P (kW) Y=2.851 - 0.004 Fuel + 0.00004198 Speed
T (N.m) Y=21.220 - 0.021 Fuel - 0.004 Speed

SFC (gkW hl)  Y=-1051.232 + 5.633 Fuel + 0.397 Speed

Vakl) culps —€ Joua
Table 4- Coefficients of relation 1
4lae Amount

b
Coefficient NOx HC CO2 CO P T SFC
a 2.00E-03 5.12E-09  4.02E-07 0.01 1.58E-06 0.01 0.99
b1 2.52 0 0.04 0.01 5.16E-05 0.099 0.97
b2 0.0835 0 0.098 0 3.14E-06 0.0021 0.39
C1 3.81E-06 1.21E-09 2.64E-05 0 3.36E-06 0.098 0.03
C2 4.33E-06 4.43E-05 6.48E-07 0.01 0 0.01 5.99E-04
d 0.01 5.15E-05 1.10E-06 0.01 0.002 0.02 0.03
Vabal) colps =0 Joua
Table 5- Coefficients of relation 2
Gy o slade Amount
Coefficient NOx HC CO2 CO P T SFC
a 30.75 36.727 0.39 0.225 3.1167 5.749 171.09
b1 0.016 0 0.002 0.001 0.9463 0.022 0.003

b2 0.0504 0.0919 0.873 0.0912 3.21E-03  0.00231 0
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Introduction

Energy analysis offers significant benefits by establishing a foundation for resource conservation, quantifying

the energy consumed at each stage of production, identifying processes that require minimal energy input, and
supporting sustainable management practices. In sustainable agricultural systems, maximizing the productivity
of input energies is a key objective. This study aims to assess energy consumption patterns within the sugar
industry and to compare the optimization of energy consumption indicators using two meta-heuristic algorithms,
ultimately seeking to enhance resource efficiency and promote sustainable production methods.

Materials and Methods

This study evaluated energy efficiency and environmental impacts in sugarcane-based sugar production at
Dehkhoda Sugarcane Agro-Industry Company (in Khuzestan Province, Iran), during the 2019-2020 agricultural
cycle. Data collection integrated field questionnaires, expert interviews, operational records from the facility, and
national agricultural databases (Ministry of Agriculture Jihad statistics and energy balance sheet). Energy flow
were analyzed using MATLAB statistical software and the Equinonet database, with comparative optimization
through genetic algorithms and imperialist competitive algorithms to identify efficiency improvements.

Results and Discussion

The results showed that, for the majority of indicators evaluated, the imperialist competitive algorithm
outperformed the genetic algorithm in optimizing energy consumption. In addition to reducing the environmental
impacts of this profitable industry in the country, it has a high potential for energy savings. The total energy
input reduction with the genetic algorithm was 17.05%, while the imperialist competitive algorithm achieved a
higher reduction of 26.40%. Natural gas consumption decreased by 3.82% using the genetic algorithm, and by
27.60% with the imperialist competitive algorithm. Direct energy savings were 16.97% for the genetic algorithm
and 27.48% for the imperialist competitive algorithm. Soil acidification reduction was 23.03% with the
imperialist competitive algorithm and 19.19% with the genetic algorithm, compared to conditions before
optimization.

Conclusion

©2025 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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In general, it can be concluded that, given the growing demand for sugar production and related industries, as
well as the high efficiency of the sugar production sector, it is advisable to utilize expert knowledge and apply
meta-heuristics methods to optimize energy consumption and available inputs with the aim of reducing harmful
environmental impacts.

Keywords: Imperialist competitive, Genetic algorithm, Meta-heuristics, Sugarcane
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Table 1- Energy content of inputs and outputs in the production of sugarcane and sugar
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R T -
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Table 2- Energy consumption of inputs and outputs in the sugar factory before and after optimization
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Manpower
L“"’*fm 40.07 360.60 0.48 35.65 320.89 0.51 33.52 307.71 0.55
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Table 3- The stored energy of the inputs in the sugar factory after optimization
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Genetic algorithm Imperialist competitive algorithm
Olps ylade KW slade KW
Title Amount (MJ ton!) Percentage Amount (MJ ton!)  Percentage
. .l .
el 53,0 12.95 8.67 23.90 16.00
Manpower
.mwu 39.71 18.39 58.88 16.33
Machines and tools
VTS 10202.16 3.82 16520.55 27.60
Natural gas
M’SJ‘ 15.63 5.28 28.23 9.54
Electricity
<! 13.34 17.04 26.81 7.68
Water
é‘ 34.90 11.01 91.58 17.42
Lime
e 2368.43 6.63 2897.35 2250
Sugar cane
odles ode s> (55 JS 12687.13 17.04 19647.34 26.40

The total stored energy of the inputs
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Table 4- Energy indicators in sugar factory before and after optimization using genetic algorithm

Sl 5l
&P pasls asly Silwaiuga 51 Jud After optimization
Energy index Unit Before optimization S5 49591 &slomins! Cyld ) o 145J1
Genetic algorithm  Imperialist competitive algorithm
S5 S - 0.21 0.24 0.28
Energy ratio
silsosre - JgiSer p 55 0.01 0.01 0.01
Energy efficiency kg MJ1
3 53 PP 2 yie 74.42 61.72 54.72
Specific energy MJ kgt
r l : s I 2| &
A -59015.16 -46328.03 -39367.82
Net energy gain MJ ton!

A 1y (65,5 Byuan cpyids oF p JoiKe FEYFL/ND (o0
oBalS lwdis Sy Bpae ol o3Pl JBl (oles )5 &5
B Joax) ol s

Fasm g b )Sd adgy a8 ) (55l adises IS

i) oleminl cly 5 Sf sl B9y 93 L (g jlodinge
s lade ghls Sy wi el b9y b it (5551 02,5
L (plesinl €y w)o Sl 9y b g 05 p Jo3l%e B+ VAVY
9Nl ) b pdibnsos 55 35 9 o5 p Jpie FYVIA/VA

Siloinge 3l ax g B S0 Wy A 0 (651 hlie JIS3I -0 Jga
Table 5- Different forms of energy in the sugar factory before and after optimization

Silwdiga I an
& JS KN Silwaiaga 51 Jd After optimization
Forms of energy Unit Before optimization SU5 ok 495! Sl Culdy oy 451
Genetic algorithm  Imperialist competitive algorithm
e 53] & 2 Jyie 60302.47 50071.72 43729.78
Direct energy MJ ton!
: <) o &
et S0 & 2 Jos 14112.69 11656.31 11038.05
Indirect energy MJ ton?
S 550 & 2 ot 13375.75 1098.02 10427.67
Renewable energy MJ ton?
a5 55 & 2 ot 61039.41 50747.01 44340.15
Non-renewable energy ~ MJ ton!
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Table 6- Life cycle assessment indicators in the sugar factory (per one ton of sugar production) before and after

optimization
Sl 5w
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Effect Category Unit Before S5 55! &) Pl w08
optimization Genetic Imperialist competitive
algorithm algorithm
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. .
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lonizing radiation
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Global warming
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Table 7- Reduction of life cycle evaluation indicators in the sugar factory after optimization
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Effect Category Unit S5 o 49! & loxiw! Coldy 0% 40501
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Fig.1. The contribution of each of the consumption inputs and their effect in the category of damages in the sugar
factory after optimization
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Fig.2. Comparison of the impact on the category of damages in the sugar factory before and after optimization
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Introduction

The formation of ruts induced by vehicle traffic poses a significant challenge for agricultural soils due to soil
compaction both at the surface and deeper layers. This phenomenon compromises vehicle performance increases
energy consumption, and leads to long-term environmental degradation, such as soil erosion and fertility
reduction. To enhance vehicle performance and reduce soil damage, it is crucial to accurately predict how factors
such as vehicle speed, vertical load, and the number of passes impact rut depth. The findings of this study hold
significant practical implications, facilitating the development for the creation of more efficient agricultural
practices, while simultaneously minimizing environmental impact. The complexity of these interactions
necessitates using machine learning models, especially artificial neural networks (ANNS), to predict rut depth
based on input parameters. In this study, two machine learning models, namely the multilayer perceptron (MLP)
and the radial basis function (RBF) networks, were employed to predict rut depth.

Materials and Methods

Experiments were conducted using a soil bin that allows for precise control of independent parameters,
measuring 24 meters in length, 2 meters in width, and 0.8 meters in depth. The soil used was agricultural soil,
comprising 35% sand, 22% silt, and 43% clay, with a moisture content of 8%. The tests included three
independent parameters: vertical load (2, 3, and 4 kN), forward speed (1, 2, and 3 km h), and number of wheel
passes (up to 15). Two types of traction devices, including a rubber wheel and a track wheel, were tested. A
caliper was used to measure the rut depth after each pass with an accuracy of 0.02 mm. The data collected from
soil bin tests were used to train neural network models in MATLAB 2021-b software. The MLP model had a
topology with two hidden layers and included three inputs and one output. In the RBF model, the network
topology had a single hidden layer. The trial-and-error method was used to adjust the hyperparameters of the
neural networks, including the number of neurons in the hidden layers, the learning rate, and momentum for the
MLP network, as well as the spread rate and regularization rate for the RBF network.

Results and Discussion

Experimental data confirmed that increasing the vertical load and the number of passes resulted in deeper
ruts. Conversely, an increase in speed led to a reduction in rut depth, particularly during the initial pass. Both
artificial neural network (ANN) models accurately predicted rut depth, with the multilayer perceptron (MLP)
neural network outperforming the radial basis function (RBF) neural network. Specifically, the root mean square
error (RMSE) for the optimal MLP model, which utilized a learning rate of 0.001 and a momentum of 0.67, was
0.10. In contrast, the optimal RBF model, with an expansion rate of 0.23456, yielded an RMSE of 0.12. The
findings indicate that the MLP artificial neural network model surpasses the RBF neural network model in terms
of accuracy and overall performance. However, the RBF neural network exhibits a faster response time, making
it particularly suitable for real-time applications.

©2025 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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Conclusion

This study demonstrates the efficacy of machine learning techniques, particularly artificial neural networks
(ANNS), in predicting rut depth caused by off-road vehicle traffic. Both multilayer perceptron (MLP) and radial
basis function (RBF) neural networks exhibited robust predictive capabilities, with the MLP model providing
slightly superior accuracy and the RBF model offering better computational efficiency. These findings highlight
the potential of machine learning in modeling complex interactions between soil and vehicles, which can
enhance vehicle performance, mitigate soil erosion, and guide the design of off-road vehicles. Future research
directions could include investigating additional soil parameters, various vehicle configurations, and the real-
world implementation of autonomous off-road vehicles to promote more environmentally sustainable operations.

Keywords: Multiple passes, Soil bin, Terramechanics, Vertical load, Vehicle speed
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Fig.1. Soil bin and its components: 1- Chassis, 2- Inverter, 3- Data logger, 4- Traction device, and 5- Static vertical load

Table 1- Physical and mechanical characteristics of the soil in soil bin.
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Fig.3. The effect of momentum and learni

ng rate on the RMSE in the MLP learning model
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Table 2- Transfer functions and backpropagation trai

ning algorithms in the multilayer perceptron artificial neural

network

e oaiatad R2 RMSE MAE

Training algorithm
Al )l lam S g ) i 0.999982 0.10 0.08

Levenberg-Marquardt backpropagation (trainlm)
e &) )u”'uf*f ) 0.999501 0.71 0.43
Resilient backpropagation (trainrp)

S oLl g 0.999969 0.17 0.10

Bayesian regularization backpropagation (trainbr)
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Table 3- Features obtained in multi-layer perceptron
training with optimized topology
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