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Abstract: Genetic Algorithms (GAS) are introduced to tackle the packing problem. The scheduling in Additive Manufacturing
(AM) is also dealt with to set up a managed market, called “Lonja3D”. This will enable to determine an alternative tool
through the combinatorial auctions, wherein the customers will be able to purchase the products at the best prices from the
manufacturers. Moreover, the manufacturers will be able to optimize the production capacity and to decrease the operating

costs in each case.
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1. Introduction

Nowadays, AM has become a relevant technology in
some manufacturing environment, due to it can be
used in application such as customized production,
(Zhang et al., 2014). The fast development is proof
that it is a suitable technology for manufacturing
components and final products, (Pour et al., 2016).

The process that covers, from the model preparation
phase to the prototype manufacturing, is complex
and this is because of different departments may
be involved. The performance of the 3D printing
procedure can be summarized in Figure 1. As shown,
the first step is to carry out digital modelling, and
it consists of building up a 3D model according to
customer order. A software package often called
CAD (Computer-Aided Design) is used to achieve
this (Ikonen et al., 1997). A file should be generated
in the adequate format, it is usually taken as “STL”
(Standard Triangle Language) and the whole
geometrical information should be included to set
up the digital model, it is called the exportation.
In the slice, the digital model must be converted

into a list of 3D print out commands to execute the
corresponding code (g-code), the connection allows
to provide a list of the printer instructions through
the USB port or copying the file in a memory card,
which could be directly read by the printer. Once this
step is done, the placement of pieces on the build
platform and the printing must be carried out; finally,
the object/objects should be removed from the
printing platform.
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Figure 1. 3D printing procedure flow chart.
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This procedure impacts a company on planning and
scheduling as well as the manufacturing process,
(Ahsan et al., 2015). Otherwise, the current methods
have not shown their suitability to address the
requirement for a paradigm shift. Consequently, it
is necessary to obtain performances that are done
through the implementation of AM, (Pour et al.,
2016).

AM is being focussed on the manufacturing of
many pieces production environment, the planning
and scheduling of the corresponding items to be
processed on the AM machines. The arrangement of
pieces on the build platform is another problem in
the AM scheduling, an adequate approach will allow
to optimize the build jobs as well as the machine
utilization.

Highly uncertain demand can cause a revision of
production planning, being one of the main cost
drivers because of adverse effects on inventory
and labour levels (Demirel et at. 2018). Scheduling
of 3D printers presents new problems linked to its
production capability and it must cope to packing
problem, which is presented as the numbers of pieces
are put on the corresponding build platform surfaces.

The planning of parts to be processed on 3D printers
performs a fundamental role in reducing operational
costs; this should provide a less price and increase
the profitability of the companies. As a consequence,
LONIJA3D is designed to purchase products made
with 3D printing, which facilitates the organization
and coordination of collaborative between the
customers that will receive the bids from the
manufacturers of 3D printing services. This market
will allow customers to get better prices from the
manufacturers. On the other hand, these last ones can
optimize their installed production capacity and they
can decrease operating costs in each case according
to the technology.

Modern manufacturing environment has been
featured by customer demands, raised product
variety, demand for limited production cycles, etc.
All of them highlight the relevance of adopting new
technologies and systems to deal with this. Different
algorithms have been mainly used for planning and
scheduling in AM. Another feature that presents an
impact on scheduling is the packing problem. One
of the first challenges that “Lonja 3D” has to face,
is to figure out a suitable arrangement of multiple
items in different build platforms, minimizing the
empty area. This presents a relevant interest due to
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it entails the reduction of the production costs. The
complexity of the problem must be dealt with, taking
into account the geometry of the objects and using
a successful method of resolution. GAs are one of
the most known algorithms based on the principles
of artificial intelligence that have found out its use
in different branches of science. GAs can be used
to solve the two or three-dimensional packing
problems.

This work presents the preliminary results of an
ongoing study. A theoretical framework of AM and
GA has been done, to shed light on the challenging
that the 3D printing industry must face. It has
been carried out because the authors are currently
working in the design of a managed market
called “Lonja3D”. It should be used to purchase
products made using 3D printing. In this market,
the coordination and organization of offers will be
eased between the customers that will receive the
bids from the providers of 3D printing services. This
“Lonja3D” or market will allow customers to obtain
better prices from the manufacturers. In addition to
this, the manufacturers can optimize their installed
production capacity and they can decrease operating
costs in each case according to the technology. The
work is organized as follows: Section 2 presents the
theoretical framework. Section 3 deals with additive
manufacturing and genetic algorithms. Section 4
summarizes the results and conclusions.

2. Theoretical Framework

Process planning and scheduling are two of the
most important functions in manufacturing systems
that have shown a large influence on product design
along with the considerations of timing aspects and
technological. These are taken into account as two
different functions in a manufacturing environment.
However, a critical problem has been raised with
the potential action of alternative machines, setups
and processes for producing a specific part in a
manufacturing shop has got.

If scheduling and process planning are implemented
independently, the schedule that is derived lacks
flexibility and adaptability. Consequently, for
obtaining realistic and effective timetables both
functions should be considered, (Kim and Egbelu,
1999). Alternative plans allow allocation of tasks
to other machines with further flexibility and it
decreased the possibility of conflict between a job
and a machine.
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The integration of the process planning and
scheduling come from the class of most tricky
combinatorial problems and it needs high efficient
approaches for finding optimal solutions. Therefore,
its integration should be enhanced the efficiency
as well as the performance of manufacturing
systems (Milosevi¢ et al., 2016). The integrating
process planning and scheduling functions is a
change of model in most AM organizations. The
alternative operations for a specific job explained
that determined arrangements lead to an advantage
in a manufacturing environment (Wilhelm and Shin,
1985; Xirouchakis et al., 1998). Alternative layouts
are able to be used for: a) to determine disruption
problems such as machine overloads and machine
breakdowns, among others. b) Reduction of process
inventory. ¢) Rising equipment utilization.

Li et al. (2017) presented a mathematical model to
formulate the production planning in AM problem.
To figure out the optimum allocation of several pieces
on a set of machines with different specifications
such as unit time cost and processing speed, among
others. The average production cost per volume of
material was minimized. Only one material was
taken into account, nesting problems, and the due
dates for fulfilling orders were not considered. Two
heuristic procedures were established called “best-
fit” and “adapted best-fit” rules. A computational
study was done to assess the performance of the
heuristics. Furthermore, the necessity of developing
specific planning and scheduling was proven for
AM processes. Chergui et al. (2018) presented the
planning, nesting and scheduling problem in AM to
achieve the orders got from different customers by
due dates. A mathematical formulation of the problem
was proposed and a heuristic approach was also
derived using Python to work out it. Experimental
assessments were carried out, these showed the
need for developing suitable AM planning and
scheduling methods for satisfying the technical and
the organizational requirements of AM.

The scheduling and freedom of design are often
limited due to the printing complex geometries
are presented in AM. The packing problem is also
presented in mechanical design and manufacture,
among others. Araujo et al. (2015) introduced a
classification of AM build as well as a summary of
existing benchmarks for the study of these problems.
Furthermore, it is discussed benchmarks to encourage
research toward effective and efficient AM to
build volume packing, which should be integrated
into AM manufacturing planning methodologies.
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Canellidis et al. (2006) described a pre-processing
methodology that makes automatic the procedure of
finding suitable fabrication orientations and packing
arrangements. The methodology consisted of two
separate stages as the orientation and the packing
stage. In the beginning, each part was adequately
oriented to obtain better surface quality and minimal
projection area, lower build time, etc. The second
stage took into account the projections of the parts
on the fabrication platform. A GA along with a
new improved placement rule was used to lead the
associated 2D bin-packing problem. Two sets of
studies were employed to prove the performance
of the approach, which involved simple nearly
orthogonal-shaped parts as well as objects/parts.

Modern GAs have shown to be trustworthy for
finding optimal process schedules. Lawrynowicz
(2011) provided a survey of developments in building
GA for advanced scheduling. A new approach was
proposed to the distributed scheduling in industrial
clusters using a modified GA. MiloSevi¢ et al. (2016)
presented the state of the art review of GAs for
optimization of process planning, scheduling and their
corresponding integration. Hybrid approaches and
different modifications were briefly studied. Genetic
components and strategies were also presented with
some sample parts, which are frequently taken into
account as testing GA performances.

The capability of producing pieces with different
geometries at the same time is a challenge that is
presented in scheduling. As a consequence, Fera
et al. (2018) provided a mathematical model for
an AM/SLM (Selective Laser Melting) machine
scheduling. The complexity of the model was NP-
hard and the likely solutions should be figured out
by metaheuristic algorithms such as GAs. These
solve sequential optimization problems by handling
vectors. The proposed algorithms were assessed on
a case composed of a thirty part number production
plan with an elevated variability and complexity.

3. Additive Manufacturing and
Genetic Algorithms

Most of the packing problems found in the specialist
literature are two dimensional. According to the items
to be placed, two main groups can be distinguished,
those which present regular or irregular shapes.
Regular figures have shapes that are established
by a few parameters such as rectangles, circles.
On the other hand, the term irregular is applied to
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asymmetrical concave and convex shapes. It must be
optimized the production capacity and the reduction
of operating costs, establishing a production rate with
the least space on the build platform, (Hopper and
Turton, 1997). A first approach can be done through a
layout space which the size could be determined i.e.,
rectangle packing problem. This scenario presents
common features with a standard problem of how it
can be the knapsack. The rectangles must be located
into the layout of space and required to satisfy the
constraints to derive certain optimal standards. A GA
can be implemented according to the requirements
established by the authors to derive suitable
outcomes for “Lonja 3D”. Hence, it is considered a
set of objects {1,...,n} each one is characterized by a
weight function p, and a value v being these positive
integer numbers. The surface of the build platform
should contain sets of objects which surface should
not exceed p, units, and besides the total number of
them should be maximum. It should be assumed that

p=p,Vjand Y p>p,.

The mathematical model should be set up as a
variable X, associated with each set of objects ;.
x= 1 if the set of objects j should be inserted or x= 0,
otherwise. As a result, an integer linear programming
can be derived to implement the GA:

n

max Y. v,x;
= (1
Subject:
n
ZP-X-SPO
A @

0§x/.§1;Vj€ 1,...,n
x,€ ZyVjEL, .., n

The evolution process starts with the generation
of an initial random population. The fitness of
each member of the population is computed and
probabilities are assigned to each individual. The
reproducing population is formed (selection) by
drawing with replacement to sample where each
individual has a probability of surviving. A new
population is generated from the reproducing
population using crossover and mutation operators.
After this, the algorithm returns to the fitness
evaluation step. When convergence criteria are met
the evolution stops, see Figure 2.
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4. Results and Conclusions

3D printing shows characteristics that other
industries have not displayed. 3-D printing allows
small quantities of customized lots to be produced
at relatively low costs, which will significantly
decrease the advantages of producing small good
sizes in low-wage countries, through reduced need
for workers (Berman, 2012). Based on the costs
supplied by the different manufacturers for the
printing of parts, “LONJA3D” will develop at each
moment the best feasible offers with the demands of
the users. Allowing to focus the order to the most
efficient manufacturer for every technology.

3D printing manufacturing presents some restrictions
as the reduced surface of the build platform and
printing time, among others. This can be traceable
throughoutthe several approaches as GAs that enables
to study for example the packaging problem. The
geometry and the dimensions of the items implicated
in the arrangement method enable to classify these
problems. A GA has been presented to establish an
adequate stage for setting up “LONJA 3D”.

The work provides suitable information for 3D
printing industry scheduling. To expand the work,
combinatorial auctions will be used to optimize
the advantageous participation of the productive
capacity of the manufacturers to the proper demand
at each moment, also raising the competition
between all the producers and improving the profits
for the customers. These types of auctions have
been successfully employed in fields as Federal
Communications Commission’s radio spectrum
licenses.

| Select the Initial Population |

I Value the Selected Population I

Expected Behaviour

No

‘l Estimate the Selected Population |

Figure 2. Flow chart of the genetic algorithm.
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