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Introduction

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

Materials and Methods

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

Results and Discussion

In this study, we assessed the efficiency of meta-heuristic methods in solving the RCPSP, which can be
useful in optimizing the timeliness of project execution, especially for large-scale projects. Some meta-heuristic
methods are only useful for smaller problems, while others can provide near-optimal solutions for larger
problems, making them suitable for RCPSP. The algorithm explores a wide range of solutions and avoids
premature convergence and getting stuck in local optima, unlike other algorithms such as the genetic algorithm.
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Optimization reduced the required budget and shortened the duration by 42 days for wheat and 25 days for
rapeseed.

Conclusion

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

Keywords: Imperialist Competitive Algorithm, Meta-heuristic algorithm, Project scheduling, Resource
allocation, Timeliness
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3- Product Breakdown Structure
4- Structure Breakdown Functional
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Two dominant products in Moghan Agriculture
and Industrv
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Fig.2. PBS diagram of the work breakdown structure of wheat and rapeseed produced by Moghan Agriculture and Industry
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mechanization project
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Fig.3. FBS diagram of the work breakdown structure of the project activities
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Table 3- Duration, prerequisites and required resources for each activity for the rapeseed crop

155 (ygaml 56950 059 51 SrCIlad
Rapeseed mechanization project activities

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

Maximum resources per day
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Table 4- Duration, prerequisites, and required resources for each activity for the rapeseed crop
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Wheat mechanization project activities

. plxil b s g T B9 &0 .
collad Collad 45 e Colled jlighy OYlomdle gt ! (Jly orsea) o @io
Ac'Eivi Activity SR Activity Source of < Financial source
ty code Activity time prerequisite machinery Human (million Rials)
(days) resource
& wo1 0 2l 0 0 0
Start None
PS5 Ont) (i W02 27 Wo1 62 62 1210
Plowing field
s o2 W04 8 W05 & W06 14 42 6172
Phosphate fertilization
| o) (S W05 1 W02 57 57 560
field disking 1
¥ o) (i Ss2 W06 10 Wo2 42 42 495
field disking 2
¥ o) (S wo7 10 W04 42 p) 452
field disking 3
RN Wos 14 w12 30 30 450
field disking 4
o ) W9 16 wo7 44 44 550
field leveling
pA5 s w12 20 W09 26 52 383
Wheat planting
05 55 %0 W13 8 W08 12 12 158
Drainage of land
Ntaies W14 4 W23 28 56 2845
Fertilizer 1
s W15 5 W24 22 44 5537
Fertilizer 2
) ‘;‘JLM W16 7 W23 22 44 7221
Spraying 1
Y ‘;‘JLM W17 10 W24 15 30 1417
Spraying 2
P8 ol SE w22 12 w13 0 84 2065
Water soil
Yk w23 8 W22 0 84 1867
Irrigation 1
Yk w24 8 W14 & W16 0 84 1578
Irrigation 2
Yok W25 8 W15 & W17 0 84 1578
Irrigation 3
¥ d)l:-ti
L W26 8 W25 0 84 1578
Irrigation 4
rw.\}f J@ 9 A:«a:')‘.))_!
Harvesting and W29 16 W26 42 84 9000
transporting wheat
puS S5 ol (otretany
Packing straw and wheat W3l 10 W29 5 10 370
stubble
puiS LS 4 olS Jos
Carrying wheat straw and W32 5 W31 6 18 238
stubble
okl w33 0 W32 0 0 0
End
392 ke S 61 84 5800

Maximum resources per day
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Fig.5. Network model of rapeseed mechanization project
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Fig.6. Network model of wheat mechanization project
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Table 5- Optimum arrangement of rapeseed mechanization project activities

F?c:\)/\)/ 1 2 3 4 6 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20
O";égr 1 2 4 5 6 3 7 8 9 14 15 12 10 16 11 13 17 18 19 20
bels
Activ”ities R0O1 | RO2 | RO5 | RO6 | RO7 | RO4 | RO9 | R12 | R13 | R22 | R23 | R16 | R14 | R24 | R15 | R17 | R25 | R29 | R30 | R33
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Table 6- Optimum arrangement of wheat mechanization project activities
F?(J)\J/t/ 13 1 2 3 4 5 6 7 8 |10 11|12 |13 (14| 15|16 | 17| 18| 19| 20| 21 |22 | 23
O”;(;gr 13 1 2 4 5 3 6 8 9110 15|16 | 13| 11|17 |14 |12 |18 | 19| 20| 21| 22| 23
meazllaéWlGWWWWWWWWWWWWWWWWWWWWWW
Activities 01 02| 05| 06 |04|07|09|12|13|22| 23| 16| 14| 24|17 |15 | 25| 26| 29| 31| 32|33
6000
— BBO
5000
— |CA
<= 4000
=
g
= 3000
1]
(@}
© 2000
1000
0
0 20 40 60 80 100 120 140 160 180
Iteration

ICA §BBO vi)s3 g5 ol Kot s yuo o A JS&
Fig.8. Comparison of the speed of convergence of BBO and ICA algorithms
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Fig.9. Comparison of the speed of convergence of ICA and GA algorithms
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Fig.10. Comparison of the speed of convergence of PSO and ICA algorithms
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Table 7- The parameters setting used in the algorithms
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Parameters of ICA
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Parameters of
optimization algorithm
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Particle swarm
optimization parameters

'FitnesFunc'ProblemParams.NPar = 30

N = 30 Number of

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

PSO BBO

Iteration  ICA
20 4000
60 4000
100 4000
125 3000
160 3000

5500 7400 6000
5500 7400 6000
5500 4000 5300
3200 3900 4000
3200 3800 3910
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