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ABSTRACT 
Yard cranes are the most popular container handling equipment for loading 
containers onto and unloading containers from yard trucks in container terminals. 
In transshipment operations, the scheduling of such cranes can greatly affect box 
throughput of the whole terminal. Therefore, good yard crane scheduling 
algorithms are required to optimally order the sequence of storage/retrieval 
operations in yard blocks so that faster container flows in the whole terminal can 
be generated for better performance. This paper investigates the problem of 
scheduling multiple yard cranes within a generic yard block. The difficulty of this 
problem is that a crane cannot access other jobs blocked by neighboring cranes. 
Further, even when one crane is not obstructed by another crane, the fact that 
each pair of cranes must keep apart for an operational safety distance renders 
the difficulty of the scheduling problem. We propose a clustering-reassigning 
approach for the multiple yard cranes scheduling problem. The algorithm 
considers the actual crane interference and calculates the crane traveling time 
realistically. Numerical experiments are conducted to check the algorithm 
performance and the results indicate that the algorithm works fast and 
effectively. 
 
INTRODUCTION 
A container terminal yard is basically a place for temporary storage of import and 
export containers to facilitate the container flow. Normally, a yard is divided into 
multiple blocks called yard blocks and each yard block consists of a certain 
number of slots. Within each slot there exist several rows horizontally and 
several tiers vertically. Different types of equipment are utilized in container 
terminals, such as quay cranes (QCs), yard cranes (YCs) and yard trucks (YTs). 
YCs are the most popular container handling equipment for loading containers 
onto and unloading containers from trucks in container yards, especially in land 
scarce container terminals. Such cranes normally are bulky, slow-moving and 
expensive pieces of equipment.  
 
In a container terminal, the QC working rate directly affects the turnaround of a 
vessel. Therefore, it is normally used as a key performance indicator and jobs 
are driven by the QC schedules, other pieces of equipment need to be 
coordinated with them. Once the QC schedules are created, the times of 
corresponding storage/retrieval operations in yard blocks can be deduced based 
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on YT traveling time between yard blocks and berths. From the viewpoint of YC 
operations, the time a YT loaded with a container arrives the yard block is the 
earliest time the container can be handled for storage jobs; on the other hand, 
for retrieval jobs the ideal latest time it should be treated is the time which 
enable the YT to travel to quay just on time to meet the QC schedules. Based on 
this analysis, the ideal target times of storage/retrieval jobs can be mapped from 
QC schedules to YC requirement in a one-to-one manner.  
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Figure 1: Crane interference for non-overlapping jobs. 

 
In a particular yard block with frequent storage/retrieval operations, more than 
one yard crane might be employed in the block. To ensure operational safety, 
certain distance must be kept between any pair of YCs operating at the same 
block. This restriction not only limits the workable area of a yard crane, but also 
increases the difficulty of yard crane scheduling. Figure 1 illustrates the impact of 
crane interference for non-overlapping jobs. It can be noted that the two jobs in 
Figure 1(a) seem can be done by two yard cranes; however, when considering 
the operational safety distance, the “space” a crane holds is much wider than the 
slot itself, the dashed rectangles in Figure 1(b) indicate the “spaces” the cranes 
hold; therefore, when scheduling the two jobs, one must postpone one of the 
jobs to ensure that there is no intersection between the dashed rectangles and 
enough time for a crane to gantry away from affecting the other cranes, which 
eventually leads to the schedule generated in Figure 1(c) with another job 
postponed to the hatched area. Therefore, the scheduling algorithm needs to 
consider not only the target times of jobs, but also the space requirement. Good 
multiple yard crane scheduling algorithms are required to optimally arrange the 
sequence of storage/retrieval operations so that faster container flows in whole 
terminal can be generated for better performance. 
 
This paper investigates the problem of scheduling multiple yard cranes within 
one yard block. We propose a clustering-reassigning approach for this problem. 
The algorithm considers the actual crane traveling time and crane interference as 
well.  
 
LITERATURE REVIEW 
There are many papers consider the scheduling of a single rubber tyred gantry 
crane (RTGC) where containers are grouped and the crane must retrieve 
containers from specified groups according to a fixed sequence, without due 
dates or release times, while minimizing travel distance. Since containers 
belonging to a specific group may be stored in multiple locations, both the yard 
crane (YC) route and number of containers picked up at each slot are decisions 
to be made (Kim and Kim, 1999, 1997). Ng and Mak (2005) focus on a single YC 



scheduling problem where every job has a fixed location and ready time and the 
goal is to minimize job waiting time. Several approaches have been proposed for 
scheduling cranes among yard blocks in whole container terminals, e.g., Cheung 
et al. (2002), Linn et al. (2003) and Zhang et al. (2002). However, those 
approaches focus on the problem of allocating yard cranes among different yard 
blocks in the entire terminal, rather than generating cost and time effective 
schedule for any particular yard crane. Peterkofsky and Daganzo (1990) and 
Daganzo (1989) examine the static quay crane scheduling problem with the 
objective of minimizing the aggregate vessel delay cost and various heuristics 
and exact algorithms to solve the quay crane scheduling problem are proposed. 
Some research have examined the problem of detailed yard crane schedules, 
e.g., Kim and Bae (1998) construct detailed RTGC schedules for the re-
marshalling operations within a single yard block; Kim and Kim (1999) study the 
problem of routing a single yard crane to support the loading operation of a 
vessel; Kim et al. (2004) construct detailed RTGC schedules for small scenarios 
involving the loading of a single vessel in isolation; and Ng and Mak (2005) focus 
on a single yard crane scheduling problem where every job has a fixed location 
and ready time while the goal is to minimize total job waiting time. Ng (2005) is 
the only paper we can find which deals with multiple crane scheduling problem 
within one yard block. The problem is formulated as an integer programming 
problem and a scheduling heuristic is developed to obtain the schedules. 
However, the study does not incorporate the constraint that yard cranes must be 
separated by a minimum safety distance for operational reasons. 
 
THE MULTIPLE CRANE SCHEDULING ALGORITHM 
In this paper, we propose a clustering-reassigning approach for scheduling 
multiple yard cranes in yard blocks. The actual crane travel time is modeled 
realistically and the interference between cranes is considered. Overall, we 
approach as follows: the job set of a particular yard block is first divided into 
several clusters, where the number of clusters is equal to the number of cranes 
to be scheduled. Subsequently, each cluster is assigned to a crane and schedules 
are generated within each cluster. In this way, the cranes are guaranteed not to 
cross over each other when operating. However, due to the requirement of 
keeping a minimum distance between every two adjacent cranes, such schedules 
may not be feasible even when the clusters are not overlapping. We use a novel 
approach to deal with this problem. The jobs which can cause conflict for the 
yard cranes are first put aside and re-inserted back into the schedules 
individually to ensure that every newly inserted job does not violate the 
feasibility of all existing schedules. The reassigning part of the algorithm tries to 
pass certain jobs in one crane job list to its neighboring crane and checks to see 
if a better performance can be achieved. The algorithm works well since the run 
time is in polynomial time. 
 
Although the crane traveling time can be modeled realistically, the handling time 
of each job cannot be known a priori. Thus, the handling time is assumed to be a 
rather conservative constant amount of time for each job when scheduling. 
Numerical experiments are conducted to check the performance of the algorithm 
after the schedules are created. By generating handling time of each job 
according to known statistical distribution, the total waiting time and make-span 
can be achieved via simulation. The results indicate that the algorithm works fast 



and effectively for scheduling jobs derived from real operations in a mega port 
container terminal.  
 
The cranes in one particular yard are constrained by the safety distance limit 
which keeps any pair of two cranes at least 160 feet apart. Furthermore, the 
order of cranes along the yard block is also fixed since no crane can cross the 
others without leaving the block it stays. Therefore, the range of one particular 
crane is constrained by its neighboring cranes, which almost instantly leads to 
the intuitive idea that each crane handles a relatively concentrated cluster of jobs.  
 
The clustering and reassigning approach follows the above intuition. The 
algorithm first clusters the jobs into several groups so that each crane can be 
assigned to one cluster and schedule is generated within the cluster. 
Subsequently, if the schedules are interfering with each other, a novel approach 
is used to resolve the conflicts. 
 
We start to introduce our approach from Algorithm 1 which makes schedule for a 
particular cluster. The well-known K-means clustering algorithm (Tou and 
Gonzalez, 1974) is adopted here to generate the clusters since we already know 
the number of clusters (cranes). If the operations include only storage or only 
retrieval jobs, the schedules are earlier to construct. Here we assume that both 
types of operations exist in the cluster. The initial order of operations is decided 
according to their target start times and the jobs are inserted into a list L. 
Retrieval operations are scheduled first from the end of the list L. We try to make 
the latest retrieval operation be handled just at the target start time, and 
schedule the rest retrieval operations based on their target start time and the 
already scheduled retrieval operations in the list. In this way, the retrieval 
operations are expected to be scheduled either just on time or with minimum 
retrieval earliness. After all retrieval operations are scheduled, the time to handle 
the first retrieval operation is checked. If the time is earlier than the earliest 
possible start time, the schedule needs to be adjusted so that the first retrieval 
job begins from the earliest possible start time, and the other retrieval 
operations satisfy the operational continuity constraint. During this stage, 
although the order of jobs is not changed, the presences of storage jobs are 
actually ignored until all retrieval operations are scheduled. The storage 
operations are scheduled one by one from the beginning to the end of the list. 
The earliest storage job is picked and its start time is set according to the 
previous job finish time in the list. If there is enough space for this operation to 
be done, the start time is fixed; otherwise, it is switched with the next retrieval 
operation iteratively until it can be scheduled.  
 
Algorithm 1 is used to generate schedule for single cluster. Since clusters are not 
overlapped or almost not overlapped by using the cluster algorithm in the 
situation of a container block, schedules generated based on cluster information 
by Algorithm 1 will have a relatively low possibility of affecting each other. 
However, due to the safety distance limit, it is still possible that the generated 
schedules are not feasible even when the clusters are not overlapping with each 
other. Algorithm 2 describes the clustering part of MCS algorithm and the 
mechanism to resolve the conflicts when the schedules are infeasible. If the 
initial schedules are not feasible, those that are possible conflict-prone containers 
are taken out and inserted into a temporary list Lt; the remaining containers are 



re-scheduled within each cluster and the resulting schedules are feasible since no 
conflict can happen at this time. Then containers in the list Lt are re-inserted into 
its original cluster one by one if there is room for the operation to be finished on 
time; otherwise, the operations handled after that container are postponed to 
make room for the newly inserted container. The finish time of the container is 
then used to update the possible start time for all the containers remaining in the 
list Lt. This operation is repeated until the list Lt is depleted. The basic idea of this 
algorithm is that those containers that are not in the list Lt are relatively free to 
be moved within the schedule since they do not affect the feasibility of all 
schedules, where those in the Lt are relatively inflexible because they are 
conflict-prone.  
 
In a particular yard, the cranes are constrained by the safety distance limit which 
keeps two cranes at least 8 slots apart. Furthermore, the order of cranes along 
the yard block is also fixed since no crane can cross the other ones without 
leaving the block it stays. Therefore, the range of containers one particular crane 
can handle is constrained by its neighboring cranes, which almost instantly leads 
to the intuitive idea that each crane handles a relatively concentrated cluster (in 
terms of slot number) of containers. 
 
The clustering and reassigning approach follows the above intuition. The 
algorithm first clusters the containers into several groups so that each crane can 
be assigned to one cluster and schedules are generated within clusters. 
Subsequently, if the schedules are interfering with each other, those that are 
conflict-prone jobs are taken out and inserted into a temporary list Lt; the 
remaining jobs are re-scheduled within each cluster and the resulting schedules 
are always feasible since no conflict can happen after the conflict-prone jobs are 
removed. Then jobs in list Lt are reinserted into their original clusters one by one 
by adjusting the operations in the schedule to make room for the newly inserted 
job. The finish time of the job is subsequently used to update the possible start 
time for all the containers remaining in the list Lt. This operation is repeated until 
the list Lt is depleted. The basic idea of this conflict resolving mechanism is that 
those jobs that are not in the list Lt are relatively free to be moved within the 
schedule since they do not affect the feasibility of all schedules, while those in 
the list Lt are relatively inflexible because they are conflict-prone. The 
reassigning part of the algorithm attempts to reassign jobs to other lists and 
check whether better schedules can be achieved or not. The algorithm runs in 
polynomial time in terms of the number of jobs; therefore, it is suitable for online 
scheduling. 
 
Algorithm 1 Clustering-reassigning approach for scheduling multiple YCs 
Data elements: yard crane number C, temporary list Lt; 

1: clustering the jobs into C clusters; 
2: assign each crane with one cluster; 
3: generate initial schedules for each crane; 
4: if the initial schedules are feasible then 
5:    goto step 23; 
6: else 
7:    for each pair of adjacent clusters do 
8:      identify and take out jobs that are conflict-prone and insert them into a 

temporary list Lt; 



9:    end for 
10: 
11:    for each crane schedule do 
12:        re-generate schedule for each cluster; 
13:    end for 
14: 
15:    while Lt is not empty do 
16:       take the first job in the list Lt; 
17:       insert the job back to its original cluster; 
18:     postpone those in the original cluster to make room for the newly 

inserted job; 
19:     revised the earliest possible start time in Lt based on the newly inserted 

job’s finish time; 
20:   end while 
21: end if 
22: 
23: for each job do 
24:   reassign it to its neighboring crane job list and generate new schedules; 
25:   accept the new schedules if better results are achieved; 
26: end for 

 
The schedules generated by Algorithms 2 is guaranteed to be feasible, however, 
since some jobs might have been postponed during the execution of the 
algorithm, which might consequently lead to unnecessary delay in container 
retrieval operation. Such unnecessary delays can be reduced by Algorithm 3. The 
algorithm tries to detect whether there have been retrieval delays and schedule 
them ahead of its current scheduled time to minimized the delay. The second 
part of MCS algorithm is the reassigning part, which is shown in Algorithm 4. The 
algorithm attempts to reassign a job to another list and check whether the new 
schedules are better than the current ones or not. If the new schedules are 
better, then they are kept; otherwise, the schedules are restored to previous 
ones.  
 
The complexity analysis of MCS algorithm can be divided into several parts 
according to Algorithms 1 to 4. The clustering algorithm is in O(kn) per iteration, 
where k is the number of clusters (cranes) and n is the number of jobs. Assume 
the number of iterations needed for convergence is I, which is quite small in the 
context, the complexity can be written as I ¢ O(kn) = O(Ikn). The algorithm to 
generate single schedule for a cluster is in O(n). Algorithm 2 has the complexity 
in O(n2). Therefore, the whole clustering part of the MCS algorithm has the 
complexity of O(n2) + k ¢ O(n) + O(Ikn) » O(n2). In the reassigning part, each 
job has the possibility to be reassigned to its left and right neighboring cranes 
and the whole schedules are re-generated; therefore, the complexity will be 
2¢n¢O(n2) » O(n3). However, it should be noted that not every job is tried to be 
reassigned; hence, the Complexity can be further written as o(n3). 
 
NUMERICAL EXPERIMENTS 
In this section,  
 
CONCLUSION 



Currently a continuous-time mixed integer programming model is under 
development and the preliminary results indicate that the clustering-reassigning 
approach work fine for the test scenarios reported in this paper. More extensive 
comparison between the heuristics and the optimal solutions will be conducted 
soon.  
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