
 

 

 

 

 

 

College of Engineering and Computer Science 

 

Berth Scheduling in Container Terminals: A Pro-Active Approach to Address 
Uncertainties in Arrival and Handling Times  
 
Maria Portal-Paloma  
 
Mechanical Engineering; Florida Atlantic University  
 

Container terminals have very complex and dynamic operations. Effective and efficient 
berth schedules are essential for profitable and sustainable operations. This paper studies berth 
scheduling under uncertainties in arrival and handling times. Port operators usually face 
challenges in the development of berth schedules. This paper presents a model formulation of 
discrete berth space that accounts for uncertainty in arrival and handling times. The problem is 
reformulated as a bi-objective bi-level optimization berth scheduling problem. A solution 
approach is presented using evolutionary algorithms and heuristics. The objective of the 
formulation is to provide a robust berth schedule by minimizing the average and range of the 
total service times for all vessels served at the terminal. Simulation is utilized to evaluate the 
proposed berth scheduling policy and compare it to two first-come-first-served policies. 
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Abstract
In this research we present a mathematical model and solution 
approach for discrete berth scheduling problem at a container 
terminal where arrival and handling times are not known in advance 
with certainty. The problem is formulated as bi-objective and bi-level 
optimization problem. A metaheuristic solution algorithm is proposed 
to provide a robust berth schedule by minimizing the average and 
range of the total service times for all vessels served at the terminal. 
Simulation is utilized to evaluate the proposed berth scheduling 
policy and compare it to two First Come First Served Policies.

��Provide a robust berth schedule that takes into consideration 
uncertainty in arrival and handling times

��Formulate a bi-objective bi-level optimization problem
��Propose a genetic algorithm based heuristic to solve the scheduling 

problem
��Evaluate the proposed solution algorithm to two FCFS scheduling 

policies 

We developed a Genetic Algorithm based heuristic that consists of 
the following steps: 

(i) Chromosome representation and initialization
(ii) Objective function evaluation
(iii)Pareto front selection
(iv)Mutation
(v) Termination
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Assumptions and problem characteristics
��Forty eight problem scenarios were generated randomly with 

different number of berths and vessels in one week planning 
horizon

��Vessel expected inter-arrival times where generated from an 
exponential distribution with mean of 3,4, and 5 hours

��Arrival time windows for each vessel where generated using a 
uniform distribution 

��Vessel handling volumes ranged in four percentage sets
��Vessel’s lower handling times were generated randomly between  

50% to 80% and vessel’s upper handling times were generated 
randomly between  120% to 150% of the expected handling time

Each problem instance is solved with the proposed heuristic and a 
Pareto front is obtained for each problem instance. After the 
schedules are obtained we simulate distinct vessel arrival and 
handling time combinations to compare schedules from the Pareto 
front with the best mean and best range of the total service time 
with two first come first served policies: i) first come first served at 
the berth with the earliest start time (FCFS-S), and ii) first come first 
served at the berth with the earliest finish time (FCFS-F).

��New mathematical model and a solution approach for the berth 
scheduling problem when vessel arrival and handling times are not 
known with certainty

��Problem formulation as bi-objective bi-level optimization problem
��Genetic algorithm based heuristic was proposed to solve the 

problem
��Numerical results showed that the proposed heuristics provides 

more robust berth schedules compared to common FCFS policies in 
terminal with high congestion levels

Analyze the efficiency of the proposed solution approach when 
probability distributions for vessel arrival and/or handling times are 
known. 

Container Port’s operations are very complex and dynamic in nature. 
Furthermore, ports operations are key factors in different supply 
chains. Port operators are challenged in the day to day operations to 
manage the terminals in an efficient and lean manner. Berth 
scheduling plays a key role in the operations of a container terminal. 
Therefore, port operators require a robust berth schedule that will 
allow to take into consideration uncertainties in vessel’s arrival and 
handling times.
Figure 1, shows an schematic of the Berth Scheduling Problem 
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Comparison with FCFS policies 
��Pareto Front Schedules (SPF) 

provide a low range cost and 
similar results as FCFS 
schedules

��PF schedules accomplish both 
objectives 

��PF schedules provide port 
operators with schedules that 
are robust and effective

��Under high congestion levels 
the SPF strategy provides 
lower average total cost than 
FCFS policies

��Under low congestion levels 
FCFSF provides lower average 
total cost 

��The SPF strategy provides the 
smaller cost range of all the 
strategies simulated

Pareto Front Improvement 
��Pareto Front Schedules (SPF) 

improve as the number of 
generations is evaluated

��Both objective functions are 
optimized




