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Abstract

Modern science advances towards the development of lightweight wearable and portable applications for
the promotion of human-machine interfaces. Among them, the most beneficial ones include the technologies
for healthcare, telecommunications, and energy resources. Recent developments in the additive manufacturing
otherwise 3D printing sector are promising for largescale applications. It promotes cost-effective production of
technologies like sensors, lab on chips, solar cells, and energy storage. However, these applications’ efficiency
is lower to technologies fabricated using other methods like chemical approaches due to the non-optimized
parameters involved in the fabrication and characterization phases. Machine learning on the other hand expands
its science and engineering capabilities. It has a broader opportunity to support 3D printing to develop the
potentials and efficiency through effective prediction methods for printing methods and design aspects. In this
review, we discuss the use of machine learning prediction algorithms for technologies using 3D printing.
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1. INTRODUCTION

Additive manufacturing (AM) ", also known as 3D printing, is used to create objects using layer-by-layer
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fabrication methods using a CAD design model. Rapid fabrication time and better process control for even
arbitrary shape formation from nano to mesoscale results in cost-effective interactive devices with minimum
material wastage and lower energy requirements, ensuring the promising future of the 3D printing industries .
Different 3D printing methods include binder jetting, material extrusion, material jetting, powder bed fusion,
sheet lamination, direct energy deposition, metal casting, and photopolymerization methods like dynamic laser

printing (DLP) and Stereolithography (SLA) "',

It profoundly impacts areas like automotive, lightweight wearables, portable electronics, energy storage,
solar cells, optics, bioengineering, medical applications, and the fashion industry . The applications are not
limited to the previously listed, as discovery of materials that support the more dimensions for the fabrication,

like 4D printing promotes new applications ..

However, the 3D printing process-based applications have several limitations in achieving the best
performance due to the non-optimal final structures . The primary issue preventing the development of an
ideal output structure using 3D printing processing could be the reduced heat dissipation time in the fabrication
materials. It can lead to difficulties in developing desired shapes in the output with non-desired roughness.
Besides, the stitching errors contributed by the 3D printing source can result in resolution issues, which results
in misconfigured structures, voids, and interlayer spacing problems in the final output.

Several other factors, like the mechanical delays in the printing system, non-coordination between
computer software used for the control and the printing system, thermal relaxation of dynamic optical and other
mechanical systems, non-optimization of the designs utilized, can influence the printing process """, In recent
years, the utilization of artificial intelligence (AI) and its sub-fields like machine learning (ML) for 3D printing
show a promise in developing a self-intelligent automated fabrication process through assistance in design,
choosing material, material tuning, process optimization, in situ monitoring, defect recognition, cloud service,
and cybersecurity .

With the utilization of the processed information and data, the ML training network figure out how to make
decisions . ML is dynamic, implying that it can alter itself when exposed to more information. The 'learning'
part of ML means that the algorithms attempt to limit the errors and boost likelihood of their predictions being

valid.

The field of ML has organized around three primary research: (1) task-oriented studies, involving the
development and analysis of learning systems to improve performance in a predetermined set of tasks, (2)
cognitive simulation used for investigation and computer simulation of human learning processes and finally, (3)
analysis such as the theoretical space exploration of possible learning methods and algorithms independent of

application domain "',

Deep Learning (DL) which is a subset of ML incorporates computational models and algorithms that
imitate the architecture of the brain’s biological neural networks, which are termed artificial neural networks
(ANNs)!"". Deep Neural Networks (DNNs) are used in various applications, such as object recognition in
images and acoustic processing for speech recognition !"*. Whenever the brain gets new data, it attempts to
contrast with known data to make sense. The brain decodes the information through labeling and assigning the
items to various categories, and DL employs the same concept.

‘Deep’ is a technical term and refers to the number of layers in an ANN. There are three types of layers: (a)
an input layer (receives the input data), (b) a output layer (produces the result of data processing), and (3) the
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hidden layer (extracts the patterns within the data) ', While the information moves from one hidden layer to
another, more superficial features recombine and recompose complex elements. DL works exceptionally well
on unstructured data and has higher accuracy than traditional ML approaches for unsupervised training, but

requires a considerable volume of training data, along with expensive hardware and software.

Here, we discuss the current use of ML in 3D printing, and perspectives about the improvement in this area
using advanced ML methodologies significantly to optimize the prefabrication design process, defect/failure
detection, real-time 3D printing control/failure compensation, predictive maintenance, cost optimization and

photopolymerization using ML-based algorithm to maximize control on chemicals and energy dose input.

2. ML FOR 3D PRINTING APPLICATIONS

There has been a lot of recent interest in adopting ML methods for scientific and engineering applications
using 3D printing"*. Recently, a lot of attention has been given for printable graphical codes enabling a link
between the physical and digital worlds, which is of great interest for anti-counterfeiting, Internet of Things

(IoT), and brand protection applications'’.

In a demonstrated work, an automated ML segmentation procedure to create a virtual object to be printed "'’
They made an accurate 3D printed core sample replicas using an ML image processing tool (MLIPT). Another
application of ML technique s in the prediction of the hole-filling in pin-in-paste technology'”. A detailed
evaluation of ML-based prediction methods is performed in this research, including artificial neural networks
(ANN), adaptive neuro-fuzzy inference systems (AFNIS), and gradient boosted decision trees to optimize the
process parameters of pin-in-paste. Another relevant 3D printing application that has potential use is concrete
printing. In this application, the ANN model optimizes the surface finish quality and potentially affects bonding

strength between layers "

In addition to all these printable applications, shape accuracy is an important performance measure
or product built via 3D printing. Some works'"” adopted Gaussian process regression to capture spatial
correlations. The printed 2-D and 3-D shapes are used to demonstrate the proposed modeling framework and
derive new process insights for fabrication process. The proposal for developing a useful tool with the potential
for broad application in planning and optimizing 3D printing of soft materials with Hierarchical ML algorithms
(HML)"*". HML algorithm predicts the problematic physical system behaviours using sparse data sets through
the integration of physical modeling using statistical learning. This methodology simultaneously optimizes
material, formulation, and process variables.

In a report on manufacturing a 3D printer, the functional surfaces of printing medium are developed with
DL’s help"". This methodology is beneficial for printing highly biological samples like bone prosthetics,
regenerative biomedicines, and fabrication directly on the human body’s internal organs like implantation of
sensors for in-situ monitoring of lungs’ functioning and heart. 3D printing of biomaterials for tissue-engineering
by utilizing random forest ML algorithms is a significant step towards more accurate and efficient biomedical
applications ** 3D printed personalized pharmaceuticals and medicines depending on the individual patient
necessities are now accomplished using ML algorithms'™".

ML applications in optical technologies attain exceptional attention in recent years. The ML use gained
rapid growth in the sectors like laser beam-material interactions for fundamental material science studies
helped understand the physical and chemical property changes **. ML is used to enhance the disc's data storage
capacity by fabricating the optical structures beyond the diffraction limit of light*”. ML algorithms have helped
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to develop and discover better photonic designs for optical communications, augmented realities, displays,
holography, meta-optics, adaptive optics, metrology, and quantum optics using 3D printing “. Apart from
these studies, recently, researchers are successful in 3D printing a framework of multiple layers of diffractive
surfaces, which in the collective form an optical analog of a neural network for statistical learning and termed as
a diffractive deep neural network (D’NN)?. In the framework, both the network’s interference and prediction
mechanism are all-optical through a computer-controlled design.

We have summarized the ML applications in different steps of developing a 3D printing from material
selection towards the optimization and characterization of the processed device in Figure 1.
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Figure 1. ML applications in the development of 3D printing technology.

3. CHALLENGES OF ML USE IN 3D PRINTING

For ML, the training data is the critical input where having the right quality and quantity of data sets is
essential to get accurate results. The larger the ML algorithm’s training data, it will more likely to help the
model to see diverse types of objects, making it easier to recognize and generalize to diverse real-life scenarios.
Data collection is a significant bottleneck in ML. We envision that requirement for (training) data play a larger
role in specifying ML systems than for conventional methods. This information needs to be elicited from the
problem domain and serves as an input”’.

It is known that the major time for running ML end-to-end is spent on preparing the data, which includes
collecting, cleaning, analyzing, visualizing, and feature engineering. There are two reasons for which data
collection has recently become a critical issue. First, as ML is becoming more widely used, we can see new
applications that do not necessarily have enough labeled data. Second, unlike traditional ML, deep learning
techniques can be used by unsupervised training to generate automatic features, which saves feature engineering

costs, but in return, may require more massive amounts of labeled data *"".

Supervised ML models are successfully used to respond to a whole range of challenges. However, these
models need more data, and their performance relies heavily on the size of training sets available. In many
cases, it is not easy to create training datasets that are large enough, particularly for engineering tasks. It is
impossible to precisely estimate the minimum amount of data required for Al projects. The nature of every
project will significantly influence the amount of data we will need. Many 3D printing systems do record data
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during the builds, and that this data could be curated and collected to assist with ML. Besides, other factors such
as ‘number of categories to be predicted” and ‘model performance’ should be considered to make an accurate
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Figure 2. Challenges in the implementation of ML algorithms in printing technologies.

4. PERSPECTIVES

There is a wide range of ML algorithms available, and their applications are immense. Here we can adopt a
suitable method that gives minimum errors and maximum accuracy for our printing applications. It will enable
the analysis to focus on the available scientific measurements and the actual optimization process using the
essential experimental and simulated data points. One successful example in this field is a study conducted by
Google Health to measure breast cancer signs with few input variables **. Another approach is in the designing
of pharmacologically relevant chemical space with drug-like molecular entities on demand with limited training
data ). The final model aims to have better accuracy and a lesser time frame than numerical simulations.

Fault management is a functional area of systems management related to the detection, prediction,
isolation, and prevention of faults. A model is trained by looking at the system’s fault-free state, and can be used
in all printing processes today as they have much simpler requirements to system expertise or data needed or
training the fault-free models "’ AT can have a more significant influence in the field of automating 3D printing
workflows. The printability of an object can be analyzed before starting the fabrication process. The quality of
a part can also be predicted, and the process can be controlled to avoid printing errors, effectively saving time.
Material selection can also be automated with Al depending on the requirements of the design to be printed. A
flowchart for the process is as shown in Figure 3 below.

We propose a model that can predict accurate results with the supply of minimum input data for printable
scientific applications using appropriate design and suitable materials. Using the data prediction aspects of
machine learning by incorporating computer simulation, develop an ML model that can predict better and
accurate results using lesser input data. The final model aims to have better accuracy and a more secondary
time frame than numerical simulations. Design optimization of printable applications can be done with the
help of a Deep Neural network (DNN), which is a self-learning model and accurate by nature. In this approach,
performance improvement and optimization methodologies such as Backtracking in DNN P! and Bayesian
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optimization ** can be applied iteratively to get precise outcomes. At each iteration, local optima can be
evolved, and that can be used as the input to the next iteration. In this way, the performance will increase and
minimize errors, which will result in an optimized design model. A perspective for our hypothesis is given in

Figure 4 below.
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Figure 3. Design optimization process.
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Figure 4. Perspective for ML assisted printing technologies.

In conclusion, we propose a model that can predict accurate results with minimum input data supply. We
consider printable scientific applications using appropriate design, suitable materials, and optimization of the
fabrication process. This research aims to utilize the data prediction aspects of ML by incorporating computer
simulation techniques. In this process, we can develop an ML model that can predict better and accurate results

using lesser input data for the feed loop mechanism.
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