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Abstract— Stowage planning involves distributing cargo on board a ship, including quantity, weight, and
destination details. It consists of collecting cargo manifest data, planning cargo location on decks, and
calculating stability until the vessel is declared safe for sailing. Finding the ideal solution to real-world
situations in this stowage planning problem is challenging and frequently requires a very long computing
period. The Particle Swarm Optimization (PSO) algorithm is one of the evolutionary algorithms known for
its efficient performance. PSO has been extended to complex optimization problems due to its fast
convergence and easy implementation. In this study, the Particle Swarm Optimization (PSO) method is
implemented to automate stowage arrangements on ships considering three factors (width, length, and
weight of the vehicle). This system was evaluated with KMP Legundi vehicle manifest data and four load
cases of 12 different vehicle types that can be loaded on Ferry / Ro-Ro Ships. It provides complete vehicle
layouts and allows interactive changes for stowage planners, ensuring speed and accuracy in arranging ship
cargo.

Keywords—Stowage Planning; Particle Swarm Optimization Method; Load Optimization

This is an open access article under the CC BY-SA License.

Corresponding Author:

Fajar Astuti Hermawati,

Teknik Informatika,

Universitas 17 Agustus 1945 Surabaya,

Email: fajarastuti@untag-sby.ac.id,

ID Orcid: http://orcid.org/0000-0002-7108-5764

INTENSIF: Jurnal Ilmiah Penelitian dan Penerapan Teknologi Sistem Informasi 309



INTENSIF, Vol.7 No.2 August 2023
ISSN: 2580-409X (Print) / 2549-6824 (Online)
DOI: https://doi.org/10.29407/intensif.v7i2.20562

I. INTRODUCTION

Stowage planning activity is a plan that shows the distribution of all cargo placed on board for
a journey with cargo details such as quantity, weight, and port of discharge (destination). A
stowage plan can be interpreted as a complete storage diagram or plan showing what objects or
cargo have been loaded and the storage location in each hold, compartment between decks, or
other spaces on the ship, including deck rooms. The stowage planning activity is an initial process
that relevant stakeholders must carry out before making a voyage. This process includes several
works, such as collecting cargo manifest data, planning cargo location on decks of ferries/ro-ro
ships, or Bay, Row, Tier on container ships, and calculating its stability until the vessel is declared
safe for sailing [1]-[7].

Ferry / Ro-Ro (Roll on - Roll off) vessels are one of the most successful multi-purpose vessels
currently operating. The flexibility and ability to take advantage of a lot of space on board to load
various types of vehicles and also passengers make this type of ship very popular and widely used
on shipping routes around the world, especially in countries that have geographical forms of
islands [4], [8]-[10]. A stern characterizes these vessels, and in some models, the bow or side
hatches may provide access to the vehicle decks located above the waterline but below the upper
decks. Access on board can be supplied through ramp floors or lifts that lead from the decks of
these vehicles to the upper decks or holds below [11]. However, in the cargo planning process on
ro-ro ships, there are still problems encountered. On this type of ship, the challenge is efficiently
utilizing and maximizing deck space. The arrangement and location of vehicles with
heterogeneous kinds and sizes on ro-ro ships depend on space constraints, such as deck height,
ramp doors on the deck, fire safety evacuation route requirements, etc. [12]. By carrying out cargo
arrangement planning, followed by proper stability calculations like this, the utility and safety of
the ship's journey can be maximized before the ship leaves the dock.

The stowage planning task is one of the most crucial steps in the shipping business. Improving
the quality of ship stability and its safety requires careful planning and calculation. Because
effective stowage planning can increase the transportation system's efficiency [13]. Currently,
most of the planning processes for arranging cargo on most shipping lines around the world are
still carried out by humans in the stowage planner department, which is done manually. Because
this process is still done manually by experts, the quality of the resulting stowage planning results,
including operational costs, as well as the safety and stability of the ship, is very dependent on
the experience of the stowage planner who must go through years of training and experience with

the arrangement of cargo on board [14].
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Research on auto stowage that had been carried out applied the optimization algorithm. The
approach to solving optimization problems is divided into two groups, namely: heuristic [15]—
[24] and exact algorithm [25], [26]. Some of the other approaches were proposed by [27], which
focus on the use of CBR-based methods to plan stowage on container ships semi-automatically
by utilizing previous problems to be subsequently adapted to solving new problems by the system
by providing solutions in similar cases by returning kind information. In addition, research
conducted by [13] mentions several examples and the application of several methods in their
applications to optimize the planning process assisted by auto stowage. In [28] focuses on
applying genetic algorithms using two strategies, namely Master Bay Planning and Slot Planning.
This study's Stowage Plan Generator (SPG) combines optimization problems: finding the best
solution out of all possible explanations by optimizing several sub-functions. The Stowage plan
resulting from the SPG can be processed or rearranged manually by the user. The system
developed in [14], consists of 3 main modules: the generator stowage plan, the stability module,
and the loading optimization module. One of the optimizations carried out in the stability module
is to reduce the amount of ballast needed by the ship so that besides the arrangement of cargo on
deck to be more optimal, it also reduces shipping costs due to the efficiency generated due to the
reduced amount of water in the ballast tanks used on each trip. In tests conducted by researchers,
this system efficiently produced good storage plans with an average time of 2 minutes per plan
versus 2 hours per plan when done manually. However, in this study, the system has not been
able to consider ballast adjustments and other stability issues, such as bending moment and torque.

So far, the algorithm's efficiency in making stowage plans has constantly been improved by
cutting or reducing the search space. [29] examines the test optimization problem, including the
RSM and SB SSM models. Random sample model (RSM) and sequential sample model (SSM)
are used in analyzing issues, as well as how to make the constraint evaluation process efficient.
The results of this alternative strategy show that the efficiency is close to optimal, with an average
speed of 2.74 times better in the payload management evaluation tool. Solving the stowage
planning problem using the mathematical model in [24] makes it impossible to calculate the lower
limit within 1 hour. The application of the Adaptive Large Neighborhood Search (ALNS) method
to stowage planning is based on the principle of "destroying" and "reconstructing" existing
solutions. The semi-automatic approach uses the Lowest Horizontal Line (LHL) algorithm to
create a Roll-on/Roll-off (Ro-Ro) ship stowage plan [12]. The test is carried out by comparing
the results made by the semi-automatic system with the load case tests previously made by the
Lloyd's Register class. By using an accurate deck model and optimized Lowest Horizontal Line

algorithm, a more realistic stowage plan can be generated by this system.
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This study aims to implement the Particle Swarm Optimization method in automating stowage
arrangements in the deck space layout on ships based on existing manifest data in ferry / ro-ro
ship cargo. The Particle Swarm Optimization method is an algorithm inspired by biological
activity and behavior in nature, based on the behavior of groups and the cooperation of flocks of
birds and schools of fish to take advantage of the experiences of all other members [30]. This
method was first developed by James Kennedy, a social psychologist, and Russell Eberhart, an
electrical engineer, in 1995 [31]. The Particle Swarm Optimization (PSO) algorithm is one of the
evolutionary algorithms known for its efficient performance. PSO has been extended to complex
optimization problems due to its fast convergence and easy implementation. This method can help
solve problems in optimizing population-based space filling. By using this system, it is hoped that
the user can minimize the total time needed from the existing old system, both for shipping
companies and for port managers, without compromising the stability and safety factors of the

ship.

II. RESEARCH METHOD

A. Data & Material

This research is focused on implementing an automation arrangement, where the stowage
planning of cargo in the form of vehicles on the deck will be carried out automatically, with the
object used in this research being the ro-ro/ferry ship "KMP Legundi," which is operated directly
by PT ASDP Indonesia Ferry (Persero) on the Merak — Bakauheni crossing route. The general
arrangement of the ships have three decks with the dimensional data of the available particulars
as follows are Length Over All (LOA)=109,4 meters, Length of Water Line (LWL)=103,168
meters, Length of Perpendicular (LPP)=99,2 meters, Breadth (B)=18,965 meters, Height (H)=5,6
meters, Drafi=4,1 meters, Gross Tonnage=5556 Tons and Lightweight (LWT)=3014,848 Tons.
The particle swarm optimization algorithm trial was only carried out on Deck 2, which has the
most significant dimensions compared to the others, as shown in Figure 1. Deck 2 is the vehicle
deck located amidships. This deck can be used as a place for large commercial vehicles such as
trucks and buses because apart from having a deck height of up to 4,5 meters, this deck also has
direct access to the ramp door, which is the access for vehicles in and out via a standard wharf.
Deck 2 has dimensions of 96,714 meters in length and 16,168 meters in width. Several types of

vehicles to be used in the optimization simulation can be seen in Table 1.
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Fig 1, General Arrangement of the 2nd deck of KMP Legundi

Table 1. Vehicle Data

Voyage Name: LC 2
Class VI B (Business Vehicles 7-10 meters)

Number Length (m) Width (m) Height (m) Weight (1)
2 9,0 2,3 3,2 4,0
Class VII (Business Vehicles 10-12 meters)

Number Length (m) Width (m) Height (m) Weight (1)
26 12,0 2,5 33 3,0
Voyage Name: LC 1 LIGHT LOADED VEHICLE
Class IV A (Cars <=5 meters)

Number Length (m) Width (m) Height (m) Weight (1)
100 4,8 1,8 1,4 1,5
Voyage Name: LC 3 BREAKING THE LINE
Class V B (5 - 7 meters Commercial Vehicles)

Number Length (m) Width (m) Height (m) Weight (1)
42 7,0 2,2 2,5 2,5
Class IV A (Cars <=5 meters)

Number Length (m) Width (m) Height (m) Weight (1)
12 4,8 1,8 1,4 1,5
Class VI B (Business Vehicles 7-10 meters)

Number Length (m) Width (m) Height (m) Weight (1)
24 9,0 2,3 3,2 4,0
Voyage Name: LC 4 FITS LINE
Class VI B (Business Vehicles 7-10 meters)

Number Length (m) Width (m) Height (m) Weight (1)
54 7,0 2,2 2,5 2,5

B. Stowage Planning System

In general, the stowage planning system that proposed involves such processes described in
Figure 2. The loading list contain data that can later be used to support the auto stowage module,
such as deck structure and design, ship parameter data from general particulars, as well as

examples of cargo manifest lists.
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Fig 3, Start page of the stowage planning system application

When the user runs the application, the first page to be found is the start page or the loading
plan page as shown in Figure 3. This start page is the work area as well as the main points in
implementing this method, where there is a loading plan section that will display the process and
the results of the arrangement of the ship's cargo on the general deck arrangement section.

The PSO parameters are determined as the initial initialization of the data, consisting of max-
iteration, population size, and inertia weight. Max-iteration is a parameter that indicates how
many iterations or iterations will be carried out. Population size measures the number of group
members that will be initialized to contain several particles. Inertia weight controls the impact of

the change in velocity exerted by the particles.
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C. Particle Swarm Optimization Algorithm

The Particle Swarm Optimization method is an artificial intelligence method based on
coordinates. Population generation is the next step in the initialization process in this algorithm,
where the process of creating a random solution aims to generate the initial position or coordinates
and the initial velocity of each particle. These particles will be distributed randomly as in (1) but
are still limited according to the variables that have been previously determined. This is
inseparable from the goal so that processes running on the PSO algorithm can perform searches
quickly and optimally.

soll.xhat = [xhatq,xhat,,..., xhaty]

soll.yhat = [yhaty,yhat,,...,yhat,] (1)
soll.rhat = [rhaty,rhat,,...,rhaty]

Where 7 is the number of objects (in this case, the number of vehicles arranged on the ship's
deck), soll.xhat is an object in the solution that contains a vector representing the x coordinate,
soll.yhat is an object in solution that contains a vector representing the y-coordinate and soll.rhat
is a vector representing some values associated with the object.

Velocity updates affect the process of moving the direction and position of particles in the
population. The process is carried out by calculating the existing variables, such as pBest as the
best result obtained in the swarm, and gBest, which is the best fitness of the entire swarm. [32]
explain that for the development and improvement of the PSO algorithm, many researchers add

the inertial weight w to the first part of the velocity update formula, using (2).

v3(t+ 1) = wrl(t) + c;ry(pBest? — x&) + c 15 (gBest® — x?) (2)

i

Where ,@ (¢ 4 1) is a variable for the new position of the particle. w for inertia weight. ;,& ()
for the position of the particle from its previous location. pBest for the best fitness value for each
particle. gBest is the best fitness value of all existing particles. ¢, ¢, is the coefficient of particle

acceleration. r, 1, is a random value from the interval 0 to 1.

The steps of the PSO algorithm applied to the stowage planning system are as follows:

Step 1. Create Model with input variable: vehicle width (xhat),
vehicle_length(yhat) and vehicle_weight(rhat) using (1)
Step 2. Define Cost Function
Step 3. Define Initial PSO Parameters: Maximum Number of Iterations (MaxIt),
Population Size (nPop), Inertia Weight(w), Inertia Weight Damping
Ratio (wdamp=1), Personal Learning Coefficient (c1=0.7), Global
Learning Coefficient (c2=1.5)
Step 4. Repeat until Population Size (nPop) do
Step 5. Initialize Position
Step 6. Initialize Velocity
Step 7. Evaluation Cost Function
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Step 8. Update Personal Best
Step 9. Update Global Best
Step 10. Repeat until Maximum Number of Iterations (MaxIt)
Step 11. Repeat Until Population Size (nPop)
Step 12. Motion on vehicle_width (xhat):
Update Velocity xhat using (2)
Apply Velocity Limits xhat
Update Position xhat
Velocity Mirror Effect xhat
Apply Position Limits xhat
Step 13. Motion on vehicle_length(yhat):
Update Velocity yhat using (2)
Apply Velocity Limits yhat
Update Position yhat
Velocity Mirror Effect yhat
Apply Position Limits yhat
Step 14. Motion on vehicle weight(rhat):
Update Velocity rhat using (2)
Apply Velocity Limits rhat
Update Position rhat
Velocity Mirror Effect rhat
Apply Position Limits rhat
Step 15. Evaluation Cost Function
Step 16. Apply Mutation
Step 17. Update Personal Best
Step 18. Update Global Best
Step 19. Apply Local Search (Improvement) to Global Best

III. RESULT AND DISCUSSION

Simulation of the arrangement of vehicles on the ship deck automatically is a testing process
that is carried out based on several conditions or scenarios that resemble the actual conditions in
the field with the addition of several influencing parameters, as shown in Table 2. This stage starts
from the particle initialization process, creating a random set of solutions containing several
particles in the form of vehicle manifest data and vector particle velocity. The location of the
vehicles will be randomly distributed in a predetermined n swarm. The PSO algorithm will
perform several iterative functions to find the best results by evaluating the fitness of the position
of each particle. This initial iteration will continue until all the particles are used up and scattered
in the workspace. It aims to find the best fitness of each swarm. The best result from that 1 group
will be the personal best result (pBest). Furthermore, the PSO algorithm will look for the best

particle from all existing pBest as the global best (gBest) results.
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Table 2. Setting PSO Parameter And Processing Time

Voyage Name Number of  Swarms Iterations Processing Time
particles (seconds)
LC2 28 100 500 506,38
LC2 28 50 500 501,99
LC 1 LIGHT LOADED 100 100 500 52202
VEHICLE
LC 1 LIGHT LOADED 100 1 10 346,26
VEHICLE
LC 3 BREAKING THE 73 100 500 11628,10
LINE
LC 3 BREAKING THE 73 50 500 4622,57
LINE
LC 4 FITS LINE 26 100 500 471,62
LC 4 FITS LINE 26 50 500 427,58

In the Load Case 2 (LC2) trial, the simulation process for arranging vehicle loads totaled 28
vehicles with two categories, namely class VI B (Vehicle Commerce 7-10 meters) and class VII
(Vehicle Commerce 10-12 meters). With the iteration and swarm variables in 2 predefined
scenarios, the results obtained until the iteration process stops take up to 8 minutes. The simulation
result of this scenario is shown in Figure 4, with an iteration diagram of PSO in Figure 5. Figure
4 shows that the result with 50 swarms is better than 100 swarms. In the 100 swarms case, vehicles
intersect with other cars (number 11). Based on the iteration diagram in Figure 5, it can also be
seen that the scenario with swarm 50 has reached a fit condition when iterations are below 50,

while the scenario with swarm 100 is still not convergent until the end of iteration 500.

5= FI]III_E-_' L]“‘Lni}“”m : T AT ‘:-;"‘H-
....... . ] [ [ 20 [1

Fig 4. Test results for the LC 2 scenario on a load plan with 100 swarms and 50 swarms
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Fig 5. Iteration Diagram PSO for LC 2 Scenario with 100 Swarms And 50 Swarms

In the LC 1 scenario, the simulation process for arranging vehicle loads totaling 100 vehicles
with only 1 type of vehicle used, namely class IV A (cars <= 5 meters) or private vehicles. With
the number of vehicles exceeding the deck load capacity, the iteration and swarm variables set in
the first scenario, the results obtained until the iteration process stops take a very long duration.
The iteration process of 500 times takes up to 14 hours. The simulation result of this scenario is
shown in Figure 6, with an iteration diagram of PSO in Figure 7. With the same number of
vehicles but using iteration and swarm variables different from the first scenario, the results
obtained until the iteration process stops take 5 minutes. Using only one swarm has two impacts
on the iteration process. The results of the cargo arrangement simulation in this test scenario are
not as good as in the first test, but with 100 iterations, the process does not take more than 10

minutes for 100 vehicles to be arranged on the ship's deck.
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Fig 6. Test Results for the LC 1 Scenario on a Load Plan with 100 Swarms and One Swarm
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Fig 7. Iteration Diagram PSO for LC 1 Scenario with 100 Swarms and One Swarm

In this LC 3 scenario, the number of vehicles arranged on deck reaches 73 units. Almost the

same as the previous scenario, which used the number of vehicles that exceeded the deck load

capacity, except that this test used a more heterogeneous class of cars, namely class V B (Vehicle

Commerce 5-7 meters), class IV A (Cars <= 5 meters), and class VI B (Vehicle Commerce 7-10

meters). As a result, with 500 iterations, this process takes up to 3 hours. The swarms are reduced

to 50 with the same number of iterations. The iteration time results obtained in this process

reached 77 minutes, which is very different from the previous test. The simulation result of this

scenario is shown in Figure 8, with an iteration diagram of PSO in Figure 9.
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Fig 8. Test Results for the LC 3 Scenario on a Load Plan with 100 Swarms And 50 Swarms
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Fig 9. Iteration Diagram PSO for LC 3 Scenario with 100 Swarms And 50 Swarms

In the LC 4 scenario, the number of swarms that will be used is only 100, while the number of
iterations is 500 times. The payload arranged in this simulation is homogeneous, with one class
of vehicles being tested. With only 26 units of class VI B vehicles (7-10 meters commercial
vehicles), the iteration process can be completed in 7 minutes. The same duration is also obtained
when the test scenario uses the same number of iterations but with the swarms being reduced to

only 50. The simulation result of this scenario is shown in Figure 10, with an iteration diagram of
PSO in Figure 11.
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Fig 10. Test Results for the LC 4 Scenario on a Load Plan with 100 Swarms And 50 Swarms
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Fig 11. Iteration Diagram PSO for LC 4 Scenario with 100 Swarms And 50 Swarms

IV. CONCLUSION

This research develops software for stowage planning systems on Ro-Ro ships / Ferry by
applying the Particle Swarm Optimization (PSO) method. This system was tested using KMP
Legundi vehicle manifest data with four load cases of 12 types of vehicles that can be loaded on
Ro-Ro ships / Ferry. This software is also equipped with a simulation of the application of stowage
planning on the second Ro-Ro ships / Ferry deck, whose parameters can be set interactively by
the user. The speed and accuracy of arranging the ship's cargo on the deck depend on the number
and type of vehicles loaded and the predetermined number of swarms. This software system
assists stowage planners in two ways: first, by providing complete Ro-Ro ships / Ferry deck
vehicle layouts as a planning tool, and second, it allows planners to make changes when needed
interactively. For further development, it is necessary to add functions and variables that can
record the moment positions of LCG, VCG, and TCG based on the coordinate data obtained so
that this system can also calculate whether the results of the cargo arrangement on the deck are

safe.

REFERENCES

[1] Y. Wang, G. Shi, and K. Hirayama, “Many-Objective Container Stowage Optimization
Based on Improved NSGA-IIL,” J Mar Sci Eng, vol. 10, no. 4, Apr. 2022, doi:
10.3390/jmse10040517.

[2] J. Li, Y. Zhang, Z. Liu, and X. Liang, “Optimizing the Stowage Planning and Block
Relocation Problem in Inland Container Shipping,” IEEE Access, vol. 8, pp. 207499—
207514, 2020, doi: 10.1109/ACCESS.2020.3037675.

[3] Y. Chang, M. Hamedi, and A. Haghani, “Solving integrated problem of stowage planning
with crane split by an improved genetic algorithm based on novel encoding mode,”
Measurement and Control (United Kingdom), 2022, doi: 10.1177/00202940221097981.

[4] B. Jia and K. Fagerholt, “Step-wise stowage planning of roll-on roll-off ships transporting
dangerous goods,” Maritime Transport Research, vol. 2, Jan. 2021, doi:
10.1016/j.martra.2021.100029.

INTENSIF: Jurnal [lmiah Penelitian dan Penerapan Teknologi Sistem Informasi 321



INTENSIF, Vol.7 No.2 August 2023
ISSN: 2580-409X (Print) / 2549-6824 (Online)
DOI: https://doi.org/10.29407/intensif.v7i2.20562

[3]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

322

S. Soegiharto, T. Y. M. Zagloel, Sunaryo, and Komarudin, “Inventory Ship Routing and
Cargo Stowage Planning on Chemical Tankers,” International Journal of Technology, vol.
13, no. 2, pp. 240-253, 2022, doi: 10.14716/ijtech.v13i2.4757.

B. Jia, K. Fagerholt, L. B. Reinhardt, and N. G. M. Rytter, “Stowage Planning with
Optimal Ballast Water,” in Lecture Notes in Computer Science (including subseries
Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics), Springer
Science and Business Media Deutschland GmbH, 2020, pp. 84—100. doi: 10.1007/978-3-
030-59747-4 6.

C. Parrefio-Torres, H. Calik, R. Alvarez-Valdes, and R. Ruiz, “Solving the generalized
multi-port container stowage planning problem by a matheuristic algorithm,” Comput
Oper Res, vol. 133, Sep. 2021, doi: 10.1016/j.cor.2021.105383.

A. Nurwahyudy, T. Pitana, and S. Nugroho, “Analysis of Systemic Safety Issues in
Domestic RoRo Ferry Port Operation Using the Concept of Safety-I1,” in IOP Conference
Series: Earth and Environmental Science, Institute of Physics, Sep. 2022. doi:
10.1088/1755-1315/1081/1/012052.

M. Szymonski and M. Mariner, “Some Notes on Risk and Safety Evaluation of Ro-Ro
Passenger Ships Exploitation,” in European Navigation Conference, ENC 2019, Institute
of  Electrical and  Electronics  Engineers Inc., May  2019. doi:
10.1109/EURONAV.2019.8714157.

K. Heryandri, “The Importance of Ferry Ro-Ro Transportation in Indonesia and Its
Contrary to The Lack of Attention on Ferry Ro-Ro Safety, Which Cause High Rate of
Accidents and Fatalities,” Advances in Transportation and Logistics Research, vol. 1, pp.
641-651, 2018, doi: https://doi.org/10.25292/atlr.v1il.

D. J. Eyres and G. J. Bruce, Ship construction. Butterworth-Heinemann, 2012. doi:
http://dx.doi.org/10.1016/B978-0-7506-8070-7.X5000-2.

X. Sun, S. Wang, Z. Wang, C. Liu, and Y. Yin, “A semi-automated approach to stowage
planning for Ro-Ro ships,” Ocean Engineering, vol. 247, Mar. 2022, doi:
10.1016/j.oceaneng.2022.110648.

W. Y. Zhang, Y. Lin, Z. S. Ji, and G. F. Zhang, “Review of containership stowage plans
for full routes,” Journal of Marine Science and Application, vol. 7, no. 4, pp. 278-285,
Dec. 2008, doi: 10.1007/s11804-008-7087-8.

M. Y. H. Low, M. Zeng, W. J. Hsu, S. Y. Huang, F. Liu, and C. A. Win, “Improving
safety and stability of large containerships in automated stowage planning,” IEEE Syst J,
vol. 5, no. 1, pp. 50-60, Mar. 2011, doi: 10.1109/JSYST.2010.2100198.

M. S. Bilican, R. Evren, and M. Karatas, “A Mathematical Model and Two-Stage
Heuristic for the Container Stowage Planning Problem with Stability Parameters,” IEEE
Access, vol. 8, pp. 113392-113413, 2020, doi: 10.1109/ACCESS.2020.3003557.

W. Hu, Z. Hu, L. Shi, P. Luo, and W. Song, “Combinatorial optimization and strategy for
ship stowage and loading schedule of container terminal,” J Comput (Taipei), vol. 7, no.
8, pp. 2078-2092, 2012, doi: 10.4304/jcp.7.8.2078-2092.

A. A. N. P. Perwira Redi, I. Dwi Lasmana, N. Layli Rachmawati, Y. Tri Prasetyo, D.
Budiono, and P. Jewpanya, “Solving Container Stowage Problem using Particle Swarm
Optimization Algorithm with Multiple Social Learning Structures,” in ACM International
Conference Proceeding Series, Association for Computing Machinery, Apr. 2021, pp.
221-227. doi: 10.1145/3460824.3460858.

J. Jin and W. Mi, “An AIMMS-based decision-making model for optimizing the
intelligent stowage of export containers in a single bay,” Discrete and Continuous
Dynamical Systems - Series S, vol. 12, no. 4-5, pp. 1101-1115, Aug. 2019, doi:
10.3934/dcdss.2019076.

E. Zhang, Q. Mei, M. Liu, and F. Zheng, “Stowage Planning in Multiple Ports with
Shifting Fee Minimization,” Sci Program, vol. 2018, 2018, doi: 10.1155/2018/3450726.

INTENSIF: Jurnal [lmiah Penelitian dan Penerapan Teknologi Sistem Informasi



[26]

[27]

[28]

[29]

[30]

[31]

[32]

INTENSIF, Vol.7 No.2 August 2023
ISSN: 2580-409X (Print) / 2549-6824 (Online)
DOT: https://doi.org/10.29407/intensif.v7i2.20562

R. Roberti and D. Pacino, “A decomposition method for finding optimal container
stowage plans,” Transportation Science, vol. 52, no. 6, pp. 14441462, Nov. 2018, doi:
10.1287/trsc.2017.0795.

C. Junqueira, M. P. Quifiones, A. T. de Azevedo, C. D. Rocco, and T. Ohishi, “An
Integrated Optimization Model for the Multi-Port Stowage Planning and the Container
Relocation Problems,” Jun. 2020, doi: https://doi.org/10.48550/arXiv.2006.06795.

H. Zhu, M. Ji, and W. Guo, “Integer Linear Programming Models for the Containership
Stowage Problem,” Math Probl Eng, vol. 2020, 2020, doi: 10.1155/2020/4382745.

M. Tsymbal and K. Kamieniev, “Modified integer model for solving the master bay
problem,” TransNav, vol. 15, no. 4, pp. 749-753, Dec. 2021, doi:
10.12716/1001.15.04.05.

R. Larsen and D. Pacino, “A heuristic and a benchmark for the stowage planning problem,”
Maritime Economics and Logistics, vol. 23, no. 1, pp. 94-122, Mar. 2021, doi:
10.1057/s41278-020-00172-5.

S. Tanaka and S. VoB, “An exact algorithm for the block relocation problem with a
stowage plan,” Eur J Oper Res, vol. 279, no. 3, pp. 767-781, Dec. 2019, doi:
10.1016/j.ejor.2019.06.014.

R. Puisa, “Optimal stowage on Ro-Ro decks for efficiency and safety,” Journal of Marine
Engineering and Technology, vol. 20, no. 1, pp. 17-33, 2021, doi:
10.1080/20464177.2018.1516942.

A. Pratama, . Mukhlash, and S. Nugroho, “Design and application of reuse stage
algorithm of case-based reasoning method on container stowage planning,” in Journal of
Physics: Conference Series, Institute of Physics Publishing, Jun. 2020. doi:
10.1088/1742-6596/1490/1/012014.

M. W. Cohen, V. N. Coelho, A. Dahan, and I. Kaspi, “Container vessel stowage planning
system using genetic algorithm,” in Lecture Notes in Computer Science (including
subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics),
Springer Verlag, 2017, pp. 557-572. doi: 10.1007/978-3-319-55849-3 36.

Z. Q. Lee, R. Fan, and W. J. Hsu, “A Near-Optimal Algorithm for Constraint Test
Ordering in Automated Stowage Planning,” IEEE Transactions on Automation Science
and Engineering, vol. 15, no. 3, pp. 1298-1308, Jul. 2018, doi:
10.1109/TASE.2017.2779470.

S. Sengupta, S. Basak, and R. A. Peters, “Particle Swarm Optimization: A Survey of
Historical and Recent Developments with Hybridization Perspectives,” Machine
Learning and Knowledge Extraction, vol. 1, no. 1. MDPI, pp. 157-191, Dec. 01, 2019.
doi: 10.3390/make1010010.

J. C. Bansal, “Particle swarm optimization,” in Studies in Computational Intelligence,
Springer Verlag, 2019, pp. 11-23. doi: 10.1007/978-3-319-91341-4 2.

C. Wang and W. Song, “A modified particle swarm optimization algorithm based on
velocity updating mechanism,” Ain Shams Engineering Journal, vol. 10, no. 4, pp. 847—
866, Dec. 2019, doi: 10.1016/j.as¢j.2019.02.006.

INTENSIF: Jurnal [lmiah Penelitian dan Penerapan Teknologi Sistem Informasi 323



