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Abstract 

Quay cranes are the most expensive and important handling machine in container port operations, as the efficiency of 
the container terminals depends on it. This study aims to optimize the berth scheduling quay crane service and waiting 
times by the application of integer programming and queueing theory in identifying the actual waiting time and service 
time of an international container terminal in the Philippines. The paper utilizes ProModel simulation and Lindo 
Optimization software to evaluate the berth operation and the scheduling of quay cranes for the container terminal. 
Results show that the utilization of the berth operation is at 44.44% with an average waiting time of 58.18 hours per 
week which signifies that there is no congestion with low berth occupancy. Recommendations of the study is a process 
that optimized the berth and quay crane scheduling applicable to the allocation of quay crane’s workload per berthing 
position as the berth operation process and quay crane scheduling is optimized from 5.62 hours per day to 5.59 hours 
which saves 0.03 hours daily.  
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1. Introduction 

In the container terminal operating system, quay cranes are the main equipment used in transferring the containers 
from vessels to land and vice versa (Wang et al. 2013). One of the main indicators in the efficiency of port containers 
as a whole is the productivity of quay crane and most of the container ports reach as low as seventy percent (70%) and 
as high as up to eighty percent (80%) of the quay crane productivity (Marek and Bartosek, 2013). The quay cranes in 
container ports are attached on a single rail to move from one bay to another which simply implies that quay cranes 
cannot cross each other (Msakni et al. 2018). By that, Chao and Lin (2011) explained that some of the studies aimed 
to reduce the shipping delay to increase the quay cranes efficiency by optimization of the job scheduling for quay 
cranes. Also, Msakni et al. (2018) pointed out that the goal of the quay crane scheduling problem is to reduce the work 
time of the vessel by finding the optimal sequence of tasks performed by quay cranes. Generally, quay crane 
scheduling problems are involved in these two main matters (1) manage the loading and unloading tasks of a container 
by the allocation of quay cranes, and (2) the service order of ship bay in a vessel for each quay crane (Chung and 
Choy, 2012).  

The yard utilization of the Port of Manila is increased by fifty-three percent (53%) that leads to port congestion (from 
38,000 TEUs to 81,000 TEUs) hence, the decrease of the transfer of container from ship to the yard is from 20 to 25 
containers per hour to 10 to 12 containers per hour, furthermore, the waiting time of the vessel is increased from 8 to 
14 days from the original time of 1 to 2 days (Philippine Ports Authority, 2015). Also, the Philippine Ports Authority 
(2018) states that a container terminal in the Philippines has a net service time of 48,545 hours and a waiting time of 
50,049 hours in total with a total of 6 berthing positions and 13 quay cranes. 

This study aims to optimize the berth scheduling quay crane service and waiting times in a container terminal in the 
Philippines utilizing operations research by the application of queueing theory and integer programming in identifying 
the actual waiting time and service time in the berth through a mathematical model formulation in the optimization of 
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the service time and minimization of the waiting time in the container ports. This study will focus on the improvement 
of the quay crane scheduling of a container terminal in the Philippines.  

2. Literature Review 

The Philippines is facing a maritime transport infrastructure inefficiency and needs to act as the primary impediment 
to local and international trade. (Msakni et al., 2018). The vessels that have an appointment in Philippine ports have 
to wait in the queue before receiving services at the berths due to congestion. Furthermore, the cargo owners and 
vessels operator who is involved in this problem, the entire transaction is creating a waiting time cost and delays in 
delivery for the costumers (Saeed et al., 2016). Otherwise, the outcome of the high cost of transporting goods has 
contributed to making higher goods prices and a decrease in the competitiveness of exportation (Limao and Venables, 
2001). Gidado (2015) mentioned that port congestion is a situation where there is a delay that could make a bottleneck 
from a massive input of cargo. AlAwar et al. (2016) discussed that the increase of vessels and the number of containers 
transported on the sea which leads to overcrowding of vessels waiting for loading and unloading. Port congestion is a 
major issue that needs to be considered since port productivity has a direct impact on the flow of goods inside and 
outside of the country (Navarro et al., 2015).  

These are the three stages to classify the problems in container ports (1) the berth allocation problem, (2) the quay 
crane assignment problem, and (3) the quay crane scheduling problem. The first stage addresses the allocation of 
vessels that depends on the availability of the berth in container ports (Schoonenberg et al. 2015). Furthermore, Segura 
et al. (2019) defined the berth allocation problem as the feasible berth allocation to the incoming vessels in a container 
terminal. Also, Jos et al. (2019) explained that the berth allocation problem requires decisions on how to assign the 
berth space and how to arrange the vessels that need to be load and unload at container ports. Lin and Ting (2014) 
stated that one of the major issues in the optimization of the port is the berth allocation problem. Comparing the study 
of Schoonenberg et al. and Lin and Ting, Schoonenberg et al. stated that the berth allocation problem is the allocation 
of vessels while Lin and Ting explained that it is the allocation of berths. Thus, this means that the berth allocation 
problem is related to the number of berths needed in the port to accommodate the number of vessels arriving in the 
port. Then, Guo et al. (2019) said that when it comes to the decision-making problem for the operators in a container 
terminal, berth allocation problem is a significant matter since good berth allocation planning can effectively reduce 
the waiting time of the vessel and can improve the total operational efficiency of the ship and terminal.  

The quay crane scheduling problem is an operational decision that aims to optimize the exploitation of resources. The 
goal of the quay crane scheduling problem is to minimize the total work of the vessel by determining the schedule of 
quay cranes for the vessel. Simultaneously usage of different operations in the port with quay crane assignment 
problems is a challenge for port operation. (Msakni et al. 2018) 

The information for allocation of quay crane is very limited and the application of how many quay cranes should be 
assigned on how big a vessel is not established. Azza et al. (2014) explained that based on the number of quay crane 
assigned on how big a vessel is important, it can reduce the process of unloading and loading the container. 

According to Legato et al. (2012) quay crane scheduling problem has the main task of managing the maritime container 
in the terminal. Where the unloading and loading of the vessel are dependent on the set that will be given from the 
port operator. Ng and Mak (2006) said that every ship has several bays that stack containers in the compartments. 
According to Zhu and Lim (2006), the process of transporting containers from the vessel can be divided from hold to 
hold but the cranes are not pre-emptive, so, only a quay crane can do the task completely. One quay crane per vessel 
can control the stabilization of the ship in the berth. Based on the study of Zhang et al. (2018), the vital role in loading 
and unloading operations performed in quay crane. The operations manager is keen on minimizing turnaround time 
using an efficient quay crane schedule for loading and unloading containers without leaning the ship to one side. Also, 
Sun et al. (2018) proposed the anti-swing tracking design that can hold with the wind going through the containers 
during the operation that causes a delay in transporting time in the berth.  
 
Many studies focus on port congestion that leads to problems such as berth allocation problems, quay crane assignment 
problems, and the quay crane scheduling problems. Most literatures suggest that solutions to the problem are answered 
with the use of the formulation of a mathematical model and using queuing theory. This study will be using Operations 
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Research (OR) model in addressing the problem of quay crane scheduling and by proposing a process that optimized 
the berth and quay crane scheduling for an optimal allocation of the quay cranes to each berthing position. 
 
 
 

 

 

Figure 1. Conceptual Framework 

The figure above shows the conceptual framework of this study. This study applies the queueing theory and integer 
programming model in the study. To do that, different information about port congestion, berth allocation problem, 
quay crane scheduling, and quay crane scheduling problem in container terminals is needed to come up with the 
optimized service time of quay crane scheduling.  

3. Methodology 

This study focuses on the application of queueing theory and integer programming on the current operation of quay 
crane scheduling to ease the congestion at the container terminal in the Philippines. The research approach used in 
this study is descriptive. Descriptive research allows to gather information needed and present it using charts and 
tabulation (Glass and Hopkins, 1984). 

3.1 Queueing Theory Model 

Queueing theory deals with the issue that is related to waiting lines. According to Saeed et al. (2016), it is a necessary 
tool in solving any congestion problems. Queueing theory solves average waiting of vessels, average queueing length, 
the average number of vessels in the port, and the berth utilization factor. By analyzing the waiting line using the 
queueing theory, the arrival rate, and service time rate in the berth are needed. The system has multiple servers and 
the following equations will be used. 
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The equation (1) is the utilization rate in the berth operation where λ as the expected number of arrivals for vessels 
per hour, s as the number of berth in the operation, and μ as the service rate of each vessel per hour. 

𝜌𝜌 = 𝜆𝜆
𝑠𝑠𝑠𝑠

  

The equation (2) is the probability that there is no vessel in the berth operation. 

𝑃𝑃0 = [∑
�𝜆𝜆𝜇𝜇�

2

𝑛𝑛!
𝑠𝑠−1
𝑛𝑛=0 +

�𝜆𝜆𝜇𝜇�
𝑠𝑠

𝑠𝑠!(1−𝜌𝜌)
]  

The equation (3) is the expected average number of vessels in the queue. 

𝐿𝐿𝑞𝑞 =
𝑃𝑃𝑜𝑜�𝜆𝜆𝜇𝜇�

𝑠𝑠
𝜌𝜌

𝑠𝑠!(1−𝜌𝜌)2
  

The equation (4) refers to the expected average number of vessels in the berth operation. 

𝐿𝐿 = 𝐿𝐿𝑞𝑞 + �𝜆𝜆
𝑠𝑠
�  

The equation (5) refers to the average time of the vessel spent in the berth operation. 

𝑊𝑊 = 𝐿𝐿
𝜆𝜆
  

The equation (6) refers to the expected average waiting time of vessels in the queue. 

𝑊𝑊𝑞𝑞 = 𝑊𝑊 −  1
𝑠𝑠
  

3.2 Integer Programming Model 

This study utilizes binary integer programming in the mathematical formulation of the quay crane scheduling problem 
experienced by the container terminal in the Philippines. Through the use of the operations research technique, this 
will enable the study to minimize the service time of the quay cranes to yield an optimum value.  

3.2.1 Model Assumptions 

The following are the assumptions made upon constructing the mathematical formulation. 

1. The number of quay cranes and berth is known. 
2. The vessels are already assigned to the berth. 
3. Each quay cranes handles one container at a time. 
4. Only one vessel can be served per berth. 

3.2.2 Nomenclatures 

The binary integer programming formulation for this study are as follows: 

Decision Variable: 

𝑋𝑋𝑖𝑖 =  �1, 𝑖𝑖𝑖𝑖 𝑎𝑎 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑖𝑖𝑣𝑣 𝑣𝑣𝑣𝑣𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠 𝑏𝑏𝑏𝑏 𝑎𝑎 𝑞𝑞𝑞𝑞𝑎𝑎𝑏𝑏 𝑐𝑐𝑠𝑠𝑎𝑎𝑐𝑐𝑣𝑣
0, 𝑜𝑜𝑜𝑜ℎ𝑣𝑣𝑠𝑠𝑒𝑒𝑖𝑖𝑣𝑣𝑣𝑣  

𝑌𝑌𝑖𝑖𝑖𝑖 =  �1, 𝑖𝑖𝑖𝑖 𝑎𝑎 𝑞𝑞𝑞𝑞𝑎𝑎𝑏𝑏 𝑐𝑐𝑠𝑠𝑎𝑎𝑐𝑐𝑣𝑣 𝑖𝑖𝑣𝑣 𝑎𝑎𝑣𝑣𝑣𝑣𝑖𝑖𝑎𝑎𝑐𝑐𝑣𝑣𝑠𝑠 𝑜𝑜𝑜𝑜 𝑏𝑏𝑣𝑣𝑠𝑠𝑜𝑜ℎ
0, 𝑜𝑜𝑜𝑜ℎ𝑣𝑣𝑠𝑠𝑒𝑒𝑖𝑖𝑣𝑣𝑣𝑣  

Objective Function: 

𝑀𝑀𝑖𝑖𝑐𝑐𝑖𝑖𝑀𝑀𝑖𝑖𝑀𝑀𝑣𝑣 𝑍𝑍 =  𝑇𝑇𝑠𝑠1𝑋𝑋1 + 𝑇𝑇𝑠𝑠2𝑋𝑋2 + 𝑇𝑇𝑠𝑠3𝑋𝑋3 + 𝑇𝑇𝑠𝑠4𝑋𝑋4 + 𝑇𝑇𝑠𝑠5𝑋𝑋5 + 𝑇𝑇𝑠𝑠6𝑋𝑋6 + 𝑇𝑇𝑠𝑠7𝑋𝑋7 + 𝑇𝑇𝑠𝑠8𝑋𝑋8 + 𝑇𝑇𝑠𝑠9𝑋𝑋9 + 𝑇𝑇𝑠𝑠10𝑋𝑋10 + 𝑇𝑇𝑠𝑠11𝑋𝑋11
+ 𝑇𝑇𝑠𝑠12𝑋𝑋12 + 𝑇𝑇𝑠𝑠13𝑋𝑋13 

  

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 
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The objective function (equation 7) aims to minimize the time needed to unload the workloads in all vessel per berthing 
positions subject to the following constraints: 

 

∑  𝑌𝑌𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖= 𝑥𝑥𝑖𝑖 = 0   

𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 ≥ 0    

𝑋𝑋𝑖𝑖 = 0,1 and  𝑌𝑌𝑖𝑖𝑖𝑖 = 0,1  

 

The constraints (equation 8) ensures that both of the decision variables must be zero unless at least one quay crane is 
assigned. On the other hand, constraints (equation 9) establish that the time needed to unload all workloads must be 
greater than zero. The final constraint (equation 10) ensures that the variable 𝑋𝑋𝑖𝑖 and 𝑌𝑌𝑖𝑖𝑖𝑖  is a binary integer (either 0 or 
1 as stated in parameters).  

3.2.3 Model Description 

Table 1. Notations of Parameters 

Parameters Description 
𝑇𝑇 Time of service 
𝑋𝑋 Quay crane 
𝑌𝑌 Berthing Position 

 
Wherein the indices are: 

𝑖𝑖 = 𝑣𝑣𝑣𝑣𝑜𝑜𝑣𝑣 𝑜𝑜𝑖𝑖 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 

𝑗𝑗 = 𝑣𝑣𝑣𝑣𝑜𝑜𝑣𝑣 𝑜𝑜𝑖𝑖 𝑏𝑏𝑣𝑣𝑠𝑠𝑜𝑜ℎ𝑖𝑖𝑐𝑐𝑎𝑎 𝑝𝑝𝑜𝑜𝑣𝑣𝑖𝑖𝑜𝑜𝑖𝑖𝑜𝑜𝑐𝑐 

𝑣𝑣 = 𝑣𝑣𝑣𝑣𝑠𝑠𝑣𝑣𝑖𝑖𝑐𝑐𝑣𝑣 𝑜𝑜𝑖𝑖𝑀𝑀𝑣𝑣 

In modeling the integer programming in this study, the paper identified first the actual number of the quay cranes and 
berthing position in the container terminal. Then, determine the number of quay crane per berthing position and the 
total service time of the quay cranes in the container terminal. After that, find the total number of quay cranes that will 
be used in the berthing positions and the total savings on the service time when the quay crane is scheduled. 

4. Results and Discussion 
4.1 Promodel Simulation 
 
According to Yandug and Santos (2020), Promodel is a simulation software used in improving and evaluating a 
system, also this will determine the outcome of modifying a process by analyzing the output created by the software. 
This study will evaluate the simulation by identifying the performance on the berth operation which is presented in 
this section. 
 
The model was created starting with the layout of the berth operation to identify the sequence of events. The queue of 
a vessel and the number of the berth are assigned as the location and the vessel as the entity. Then the number of 
arriving entities, the time of arrivals, and the processing for each location were inputted in the software as well. See 
the figures below for the result formatted listing of the model. 
 

(8) 

(9) 

(10) 
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Figure 2. Formatted Listing of Berth Operation  
  
Upon the application of simulation on the berth operation using the Promodel, the performance of berth operation has 
been determined (see table 2). According to UNCTAD (2012), high berth occupancy which is (>70%) is a sign of 
congestion that leads to a decline of services while (<50%) indicates low berth occupancy that implies underutilization 
of resources in the container terminal. Since the utilization rate of the berth is only 44.44% with an average waiting 
time of 58.18 hours per week in the berth operation, thus, data shows that there is no congestion in the berth operation 
at the container terminal. 

Table 2. Calculated Performance on Berth Operation 

Utilization 
of server 

Probability 
of no vessel 

The average 
number of vessels 

in the queue 

Average 
waiting time 
of vessel in 
the queue 

Average 
waiting time 
spent in the 

system 

The average 
number of 

vessels in the 
system 

44.44% 14.49% 0.1042 vessels 2.18 hours 58.18 hours 2.77 vessels 
 
4.2 Data Analysis of Integer Programming in Quay Crane Scheduling 
 
Huang and Wang (2011) pointed out that the integer programming problem is built on linear programming problems 
with the constraints of the decision variable to be an integer. Furthermore, the binary integer variable serves as a help 
to make a yes or no decision. By establishing the total number of quay cranes and berthing position and the service 
time of the quay crane per berth, the quay crane scheduling can be evaluated using the Lindo software. 
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Figure 3. Result of the Integer Programming Model Formulation 

The solution was provided by solving the integer programming in Lindo Software. From the generated results, the 
study can infer that Lindo was able to solve the problem optimally. The first, second, and third quay crane should 
serve the second berthing position, while, the fourth, fifth, sixth, and seventh quay crane should serve the fifth berthing 
position. Also, the eighth quay crane should be used in the fourth berthing position, the ninth quay crane will serve 
the third berthing position, and the tenth quay crane should serve also the fourth berthing position. Lastly, the eleventh, 
twelfth, and thirteenth quay crane should serve the sixth berthing position which is the last berthing position in the 
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container terminal. Therefore, the optimal service time of the quay crane is reduced from 5.62 hours per day to 5.59 
hours per day (0.03 hours per day saved).  

5. Recommendations 

The goal of this study is to optimize the berth scheduling quay crane service and waiting times in a container terminal 
in the Philippines through the formulation of an integer programming model and queueing theory. With the use of 
ProModel simulation and Lindo Optimization software, results show that the utilization on the berth operation is only 
44.44% with an average waiting time of 58.18 hours per week which signifies that there is no congestion since it has 
low berth occupancy and the scheduling of quay crane can be optimized from 5.62 hours per day to 5.59 hours which 
saves 0.03 hours daily.  

The study proposes a process that optimized the berth and quay crane scheduling applicable to the allocation of quay 
crane’s workload per berthing position (see figure 4). Based on the sorted study of Bruzonne and Longo (2013), using 
a simulation model can create a complexity study to determine the delays in berthing. The paper complied with the 
recent study of Grubisic and Maglic (2018) that incorporates the allocation of berth for every vessel and scheduling 
of quay cranes per berth.  

 

Figure 4. Proposed Process for Optimized Berth and Quay Crane Scheduling  

The proposed process for an optimized berth and quay crane scheduling starts with the arrival of the vessel and will 
be assisted with the Planning Master who decides where the vessel will be located. With the use of a simulation 
program, the proposed process comes with the decision in berth availability. If the berth is available, the port limiter 
team will fetch the vessel to maneuver going to the berth. Before the vessel is docked in the berth, integer programming 
will be utilized to ease the allocation of quay crane for each berth. The senior equipment specialist will take over the 
works in the transporting of containers from the vessel. The port operation supervisor will be mentioned on how the 
process is going thru, supervising the equipment specialist and the command will be followed. Lastly, once the process 
is succeeded the supervisor will come over with the port limiter team to assist the vessel for departure.  
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Seeing that the utilization in berth implies low berth occupancy at 44.44% and the service time of quay crane 
scheduling saves 0.03 hours daily, thus, this study shows that the proposed process for the berth and quay crane 
scheduling at the container terminals has no congestion and optimized.  
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