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ABSTRACT

ARTICLE INFO

The cornerstone of port production operations is ship handling, necessitating
judicious allocation of diverse production resources to enhance the efficiency
of loading and unloading operations. This paper introduces an optimisation
method based on deep reinforcement learning to schedule berths and yards at
a bulk cargo terminal. A Markov Decision Process model is formulated by
analysing scheduling processes and unloading operations in bulk port imports
business. The study presents an enhanced reinforcement learning algorithm
called PS-D3QN (Prioritised Experience Replay and Softmax strategy-based
Dueling Double Deep Q-Network), amalgamating the strengths of the Double
DQN and Dueling DQN algorithms. The proposed solution is evaluated using
actual port data and benchmarked against the other two algorithms men-
tioned in this paper. The numerical experiments and comparative analysis
substantiate that the PS-D3QN algorithm significantly enhances the efficiency
of berth and yard scheduling in bulk terminals, reduces the cost of port opera-
tion, and eliminates errors associated with manual scheduling. The algorithm
presented in this paper can be tailored to address scheduling issues in the
fields of production and manufacturing with suitable adjustments, including
problems like the job shop scheduling problem and its extensions.
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POVZETEK

PODATKI O CLANKU

Kljucni element pristaniskih proizvodnih dejavnosti je upravljanje z ladjami,
zato je treba premiSljeno razporejati vire, da se poveca ucinkovitost naklada-
nja in razkladanja. V tem ¢lanku je predstavljena metoda optimizacije, ki te-
melji na globokem ucenju z ojacitvijo, za razporejanje privezov in raztovarja-
nja na terminalu za razsuti tovor. Z analizo procesov razporejanja in raztovar-
janja razsutega tovora v pristaniScu je oblikovan model Markovega odlocitve-
nega procesa. V Studiji je predstavljen izpopolnjen algoritem za ucenje z ojaci-
tvijo, imenovan PS-D3QN (Prednostno ponavljanje izkuSenj in na strategiji
Softmax temeljeca dvojna dvobojska globoka Q-mreZa, angl. Prioritized
Experience Replay and Softmax strategy-based Dueling Double Deep Q-
Network), ki zdruZuje prednosti algoritmov Dvojna DQN (angl. Double DQN)
in Dvobojska DQN (angl. Dueling DQN). Predlagana resitev je preverjena z
uporabo dejanskih podatkov o pristanis¢ih in primerjana z dvema algoritmo-
ma, omenjenima v tem ¢lanku. Numericni poskusi in primerjalna analiza do-
kazujejo, da algoritem PS-D3QN bistveno izboljsa ucinkovitost razporejanja
privezov in raztovarjanja na terminalu za razsuti tovor, zmanjsa stroske obra-
tovanja pristani$¢a in odpravi napake, povezane z ro¢nim razporejanjem.
Algoritem, predstavljen v tem ¢lanku, je mogoce prilagoditi tudi za reSevanje
problemov z razporejanjem na podrocju proizvodnje in izdelave, vklju¢no s
problemi, kot so problem terminiranja proizvodnje in njene razsiritve.
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Razporejanje;

Optimizacija;
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procesa (MDP);
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