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Optimization of Steel Plate Storage  
Yard Crane Scheduling

One of the major challenges in steel plate production is efficiently storing the 
material to streamline vehicle loading and maintain yard organization. In addi-
tion to the physical limitations of the equipment responsible for movements 
within and between yards, this type of problem involves a series of constraints 
that increase its complexity. This study aims to propose an optimization solu-
tion for the crane movement problem in storage yards of a steel facility. To 
achieve this, a heuristic approach will be presented to determine the next 
crane movements in a way that minimizes the total number of movements 
required to complete the loading of plates. The proposed solution has proven 
to be more efficient than the manual operations performed by crane operators 
in a real-world case. The results show that the optimization was able to reduce 
the number of movements required to perform the loadings from five to one in 
approximately 50% of the cases, in addition to reducing the maximum num-
ber of movements from 15 to six.

Introduction 
The manufacturing process of steel 
products involves several stages, from 
the arrival of raw materials at the 
plant to the shipment of the product 
to customers. Planning these stages is 
a highly complex task due to the vast 
amount of information that must be 
considered during decision-making. 
Given this complexity and aiming to 
ensure productivity while minimiz-
ing undesirable scenarios, it is essen-
tial to adopt methods that optimize 
each stage of production.1 A viable 
and effective alternative is the use of  
computer-assisted optimization com-
bined with digital twin technology, 
which has been widely adopted by 
the industry.2,3 These technologies 
have supported all stages of steel 
production, offering benefits such as 
increased productivity and greater 
predictability throughout the produc-
tion chain.4

Among the stages of the steel plate 
production chain, storage and logis-
tics play a crucial role in maintain-
ing the entire production f low.5,6 If 
storage yards reach their maximum 
capacity, earlier production stages 
such as the steel mill and rolling mill 

be affected, potentially even requir-
ing production to be halted due to a 
lack of storage space. In addition to 
impacting the production department, 
steel plate storage can also affect 
other areas, such as logistics, which 
is responsible for shipping the plates 
to customers. When storage is not 
carried out correctly, vehicle loading 
can become a complicated task, as 
the plates needed for shipping may 
be scattered across multiple stacks or 
buried under other plates, leading to 
shipment delays.

Material storage takes place in 
yards, where each yard consists of 
an area subdivided into stacks, each 
stack containing a set of plates. In 
this study, plate storage is carried out 
in three different yards, as shown in 
Fig. 1. These yards are connected by 
two roller tables, which, in addition 
to receiving plates from the rolling 
mill, are also responsible for sending 
plates to the ultrasound inspection 
and transferring them between yards. 
Plate movement within the same 
yard is carried out using cranes. This 
equipment consists of a main beam 
that moves along rails fixed to lateral 
structures, allowing load movement 
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along a horizontal axis. In this case, there are two cranes 
in Yard 1 and Yard 2 and one in Yard 3.

The right and left edges of each yard are designated for 
vehicle loading. The position where each vehicle will be 
placed for loading depends on the location of the plates 
assigned to that vehicle, both in terms of the yard and 
their position within it. For example, if a set of plates to 
be loaded is located on the left side of Yard 2, then the 
vehicle should be positioned in the leftmost loading area 
of Yard 2.

Based on the yard structure described above, plates 
follow specific f low paths within the yards depending 
on their characteristics. After being rolled, plates arrive 
at the yard via a roller table. A crane must then pick up 
this material and place it in a designated stack within the 
yard. A plate in the yard may be moved to another stack, 
sent to the roller table for ultrasound inspection or trans-
ferred to another yard, or loaded onto a vehicle for cus-
tomer delivery. The primary goal of these movements is 
to keep the yard organized, facilitating both the shipment 
of plates to customers and the reception of newly rolled 
plates, while also minimizing the number of movements 
required for loading operations.

To carry out movements within a yard, cranes are 
crucial equipment and often represent a bottleneck in 
the storage and dispatch process. Therefore, optimizing 
the number of movements performed by these cranes is 
essential to improving yard operations.6,7 These crane 
movements can be categorized into four types of tasks: 
receiving plates from the rolling mill, sending plates to 
ultrasound inspection, loading plates onto vehicles and 
organizing the yard. In this study, these movements are 
treated independently; for example, loading movements 
do not influence the organization or reception of plates 
from the rolling mill. The choice of which type of move-
ment will be performed next is at the discretion of the 
overhead crane operator.

The objective of this study is to 
present an algorithm capable of 
determining the next movements 
of the cranes to achieve loading 
operations with the fewest possible 
movements while also organizing 
the yards to facilitate future ship-
ments and keep plates grouped 
together. To achieve this, a heu-
ristic approach was proposed to 
identify the next necessary move-
ments for loading operations and 
yard organization. For each pos-
sible type of movement (loading, 
organization, receiving plates 
from the rolling mill and sending 
plates to ultrasound inspection), 
the algorithm lists the next pos-
sible movements that the crane 
can make. The best movement is 
then selected to minimize the total 

number of movements required for plate loading while 
maintaining yard organization.

Discussion 

Problem Definition 
This section presents a low-level definition of the crane 
scheduling problem in steel plate storage yards, which 
will be solved by the algorithm. This definition outlines 
the problem’s inputs, the algorithm’s output, the objective 
function and the constraints.

Input and Output: The main input parameters of the 
problem are:
•  List of plates.
•  List of yards.
•  List of stacks.
•  List of roller tables.
•  List of cranes.
•  List of loading orders (a loading order specifies 

which plates need to be loaded onto a specific 
vehicle).

The algorithm’s output consists of the movements per-
formed by each crane, grouped by movement type:
•  Loading movements.
•  Organization movements.
•  Movements for receiving plates from the rolling 

mill.
•  Movements for sending plates to ultrasound 

inspection.
Each movement group is represented by a list that 

stores the movements the crane must perform. These 

Yard layout.

Figure 1
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movements are ordered according to the sequence in 
which they should be executed. Each movement is speci-
fied by the yard with starting and ending coordinates 
and the plates to be moved. For loading movements, 
additional information about the corresponding loading 
order and the vehicle receiving the plates is provided. 
Organization movements also include an indicator of 
their purpose, such as whether they are related to prepar-
ing for a future shipment or grouping plates together.

Objective Function: The objective is to minimize the 
number of movements required to load all the plates from 
the loading orders. Additionally, when performing other 
types of movements, the goal is also to reduce the number 
of future loading movements.

Hard Constraints: In this subsection, the main hard 
constraints of the problem will be presented. Hard con-
straints must be strictly followed in the solution. These 
constraints are mainly related to the operational rules of 
cranes, storage yards, stacks and equipment availability.
• Yard constraints:

 ∘ 	Each yard has a designated usable area that 
indicates where stacks can be positioned.

 ∘ 	Stacks within a yard must comply with a maxi-
mum height limit.

 ∘ 	Some areas within the yards have restrictions 
on the dimensions of the plates that can be 
stored in those locations.

•  Crane constraints:
 ∘ 	Each crane can move only a limited number of 

plates at a time, depending on the dimensions 
and weight of the plates.

 ∘ 	Cranes can reach only specific areas within the 
yard.

 ∘ 	Some yard areas can be accessed by multiple 
cranes, but a minimum safety distance must be 
maintained between them.

•  Stack constraints:
 ∘ 	Only the topmost plates in a stack can be moved 

at any given time.
 ∘ 	Plates must always be placed on the top of a 

stack.
 ∘ 	The variation in plate length and width within 

a stack must be restricted.
 ∘ 	The stacking of plates on railcars and trucks 

must follow a semipyramidal structure, mean-
ing that the plate on top must not exceed a cer-
tain size difference in length or width compared 
to the plate below.

•  Equipment availability constraints:
 ∘ 	A crane that is unavailable cannot be used.

 ∘ 	A roller table that is unavailable cannot be 
accessed by a crane.

 ∘ 	A yard area under maintenance cannot be 
accessed by a crane.

 ∘ 	Plates must not be sent to ultrasound inspection 
if the ultrasound machine is unavailable.

Soft Constraints 
In this subsection, the main soft constraints of the prob-
lem will be presented. Soft constraints are not manda-
tory but are desirable for achieving a solution that better 
aligns with customer expectations. These constraints are 
related to mainly the grouping of plates within stacks. 
Ideally, plates with similar characteristics should be 
placed in the same stacks to maintain yard organization 
and facilitate preparation and loading movements.

The soft constraints for this problem are:
•  Keeping plates with similar characteristics 

grouped within the same stack.
•  Grouping plates from the same loading order into 

the same stack.
•  Avoid stacking new plates onto stacks that are 

already prepared for shipment.
•  Plates with older sales dates should be placed at 

the top of the stack.
•  Plates coming from the rolling mill should be 

assigned to stacks that will facilitate future 
shipments.

Main Algorithm 
The algorithm designed to solve the problem consists of 
four main components, in addition to a preprocessing 
stage for loading orders. A f lowchart of this algorithm 
is presented in Fig. 2. The components are divided into 
generating movements to assign plates coming from the 
rolling mill, sending material for ultrasound inspection, 
loading vehicles and organizing the storage yards. After 
executing these steps, an object is generated containing 
the movements for each stage. It is important to note that 
each component generates a set of movements indepen-
dently, meaning that the initial state of the yard serves as 
the input for each step.

The most critical stages of the process are loading 
movements and organizational movements, as these tend 
to require the most crane operations. The following para-
graphs provide a more detailed explanation of each step.

Preprocessing of Loading Orders: Before start-
ing the other stages of the algorithm, it is necessary to 
preprocess the loading orders. Initially, these loading 
orders are sorted according to the scheduled date for their 
departure. If the vehicle is already in the yard waiting for 
loading, this loading order will be processed in the move-
ment generation stage for loading. If the vehicle is not yet 
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in the yard, the loading order is listed to be prepared for 
boarding during the yard organization movements.

After being sorted among themselves, the plates belong-
ing to that loading order are also sorted with the aim of 
reducing the number of movements needed for board-
ing. To carry out this sorting, the order in which the 
plates appear in the source stacks is considered. Stacking 
restrictions for the plates in the destination stacks or on 
the vehicle must also be considered to perform the sorting 
of these plates.

Generate Plates Entry Movements: This stage is 
responsible for directing the plates coming 
from the rolling process to a compatible stack. 
When rolled, the plates are placed on the roller 
table and directed to one of the yards. Upon 
reaching the destination yard, this plate must 
be taken to a stack. The chosen stack should 
be the one that has the greatest compatibility 
with the plate that has just been rolled and 
does not break any height or dimensional 
restrictions.

Generate Movements for Ultrasound: 
Some plates need to be inspected via ultra-
sound before being dispatched to the customer. 
These plates are usually grouped in piles in 
the yard. At some point they must be taken 
by crane to the roller table, which in turn will 
transport the plate to the ultrasound equip-
ment. Upon leaving the equipment, the plates 
are again collected by the cranes and directed 
to compatible stacks. Just like in the stage of 
addressing the rolling plates, choosing the des-
tination stack for the plates coming out of the 
ultrasound is important to maintain the orga-
nization of the yard; therefore, the stack with 
the highest compatibility should be selected.

Generate Boarding Movements: 
Loading movements can be more 
complex than those previously pre-
sented due to the need for additional 
movements to complete the loading 
process. Additionally, the order and 
destination of these movements are 
crucial to maintaining organization 
and ensuring that the loading is car-
ried out correctly.

When the plates for a loading 
order are already prepared in a stack 
ready to be loaded, the loading activ-
ity becomes simple. In this case, the 
crane must be positioned above the 
source stack, lift as many plates as 
possible, and transport them to the 
vehicle, repeating these movements 
if necessary. However, if the plates 
are scattered throughout the yard or 
buried under other plates, the loading 

task becomes more complex. In this case, the crane will 
need to access multiple stacks or remove several plates 
to reach the specific plate that needs to be loaded. Fig. 3 
shows the f lowchart for generating movements.

The first step of the algorithm to generate loading 
movements is to identify the address where the plates will 
be placed. In this case, it is the address where the vehicle 
is positioned in the yard. Next, the stack where the first 
plates of the loading order are located must be identified. 
After identifying the source stack, it is necessary to ana-
lyze whether the plates that will be loaded are buried by 

Flowchart of the main algorithm.

Figure 2

Flowchart of the algorithm for generating boarding movements.

Figure 3
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other plates; that is, whether the plate candidate for ship-
ment has any plates on top of it in the stack. In this case, 
the plates that are preventing access to the plate from 
being loaded must be removed to another stack until the 
plates for shipment are on top. Given that the plates are 
already on top, the number of plates that can be moved 
by the crane is then calculated, considering the capacity 
restrictions of the crane that will be used for the move-
ment. The plates can then be moved to their destination. 
This process is repeated until all the plates of the loading 
order are at the destination address.

Generate Organization Movements: Organization 
movements can be categorized into three types: prepara-
tion for loading, undoing removal and grouping plates. 
These movements are distinguished in the output by 
means of a parameter that identifies the type of organiza-
tion movement for each movement in the list.

Preparation for loading movements are generated 
when there is a loading order, but the vehicle has not yet 
been positioned in the yard. The plates for this order can 
be arranged to facilitate loading once the vehicle is in 
place. The process for this organization follows the f low-
chart in Fig. 3, but instead of the destination 
being the vehicle, it will be a stack in the yard. 
This way, the plates from the loading order are 
grouped into a single stack while maintaining 
the order in which they will be loaded onto 
the vehicle.

Removal return movements occur when a 
plate needs to be loaded but is buried under 
other plates in a stack. In this case, the top 
plates are moved to other stacks until the plate 
to be loaded is at the top. After loading the 
plate, the plates that were previously removed 
to uncover it must be returned to their original 
stack.

Plate grouping movements are aimed at 
organizing plates with similar characteristics 
to maintain order in the yard. If a plate is 
in a stack that is not compatible and there is 
space in a compatible stack, the plate should 
be moved to a more suitable stack.

Select the Best Move: In certain types of 
movements, especially organizational ones, 
there are multiple possibilities for relocat-
ing one or more plates between yard stacks. 
In these cases, all valid movement options 
are listed, and one is selected based on a set 
of criteria used to determine the optimal 
choice. The criteria for selecting the move-
ment include:
1.	Grouping plates by sales order.
2.	Grouping plates ready for boarding.
3.	Grouping plates by customer.
4.	Grouping plates by itinerary.

5.	Emptying stacks.
6.	Minimizing the number of removals.
7.			 Reducing the crane’s movement distance.

Once the movement is selected, the crane is directed 
to the source stack, where it collects the designated plates 
and then places them in the destination stack.

Results 
This section presents the results obtained from execut-
ing the previously discussed algorithm in a real-world 
scenario involving a set of steel facility plate yards. As 
input, the algorithm receives a data set representing a real 
instance of the initial state of the yard and the loading 
orders information. After generating optimized move-
ments using the algorithm, the results are compared to 
the manually planned movements by crane operators.

Figs. 4 and 5 illustrate the results obtained from the 
manual planning by the operators and the optimized 
planning, respectively. The horizontal axis represents 
the number of movements required to complete the load-
ings, ranging from 1 to 15. The orange line indicates the 

Optimized planning.

Figure 5

Manual planning.

Figure 4
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cumulative percentage of loadings completed with the 
given number of movements, while the green line shows 
the specific percentage of loadings performed with indi-
cated number of movements.

A comparison of the two graphs reveals a signifi-
cant improvement in the number of movements in the 
optimized planning. In the manual planning, 54% of 
the loadings were completed using a maximum of five 
crane movements, whereas the optimized approach 
achieved 57% of the loadings with just a single move-
ment. Additionally, in examining the maximum number 
of movements required to complete a single loading, 
manual planning required up to 15 movements, while the 
optimized planning reduced this to just six.

The implemented algorithm has proven effective in 
optimizing crane movements within the plate yards ana-
lyzed in this study. This improvement is due to the algo-
rithm’s ability to process the yard’s information, enabling 
it to determine the most effective movement alternatives. 
In contrast, during manual planning, the crane opera-
tor lacks the capacity to analyze a massive amount of 
information that could be crucial for identifying the best 
movements. Furthermore, whether performing loading 
operations or organizing the yard, the algorithm can 
evaluate the most efficient movements to facilitate the 
loading of future shipments.

Conclusions 
Maintaining organization in the storage of steel plates 
is a crucial factor in the production chain of a steel 
facility. The resources available to move these materials 
while keeping the yard organized are limited, making it 
necessary to optimize the entire movement process from 
receiving the plates to organizing and finally loading 

them. This study presented an algorithm capable of 
optimizing crane movements to minimize the number of 
movements required to complete the loading of a vehicle. 
Additionally, the algorithm performs yard organization 
movements to create homogeneous stacks, meaning 
plates with similar characteristics are grouped together, 
which also facilitates the loading of future orders.

The results obtained by executing the proposed algo-
rithm on a real data set demonstrate that the solution 
outperforms manual execution by crane operators. This 
improvement is primarily due to the operator’s limited 
view of the yard, which causes many possible solutions 
to go unnoticed. In contrast, the algorithm can analyze 
multiple movement combinations, allowing it to iden-
tify the most optimal solution for the yard’s current state 
while also executing movements that streamline future 
loadings.

Future work includes applying this algorithm to yards 
with different characteristics from those presented in this 
study and exploring other algorithms that may be suit-
able for this type of problem. Additionally, integration 
with existing systems in the same plant could be explored, 
such as the digital twin of the plate rolling stage, which 
could enhance the accuracy of movement planning for 
newly rolled plates being placed in the yard. Another 
integration possibility is with the plate loading planning 
module, allowing the algorithm to process a larger set 
of future loading orders, further optimizing the loading 
process. 
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