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Baris Ördek a,b, Eric Coatanea c, Yuri Borgianni a,*

a Faculty of Engineering, Free University of Bozen-Bolzano, Via Bruno Buozzi 1, Bolzano 39100, Italy
b Department of Management, Information and Production Engineering, University of Bergamo, via Marconi 5, Dalmine (Bg) 24044, Italy
c Faculty of Engineering and Natural Sciences, Tampere University, Korkeakoulunkatu 6, Tampere 33014, Finland

A R T I C L E  I N F O

Keywords:
Unsupervised learning
Hierarchical clustering
Image processing
Computer-aided design
Machine learning
Additive manufacturing

A B S T R A C T

The development of additive manufacturing has made these technologies suitable for fabricating end products. 
This encourages companies to identify quickly parts in large databases for which switching from traditional 
manufacturing technologies to additive manufacturing is convenient. Typically, the manufacturing process se
lection is made by experts who weigh various parameters, but evidence suggests that intelligent systems could 
beneficially replace or aid this manual selection. One challenge in using manufacturing data for advanced 
analysis and machine learning is that it is usually unlabeled, and manual data labelling is expensive and time- 
consuming. This paper deals with the application of an enhanced unsupervised learning algorithm that auto
matically identifies parts suitable for additive manufacturing based on parts geometry as a preliminary step of 
process selection. One hundred randomly selected parts were evaluated by manufacturing experts through a 
survey and then clustered by the proposed algorithm. The comparison of the manual and algorithmic classifi
cations, using unsupervised learning, regarding suitability for additive or traditional manufacturing is the main 
original contribution of this study. Overall, 78% convergence between most experts’ designations and the un
supervised learning algorithm is achieved. For those parts where expert opinions are substantially aligned, the 
algorithm showed a 90% convergence rate with human choices. These outcomes support the introduction of an 
intelligent system to perform a preliminary identification of suitable manufacturing processes based on part 
geometry, as it can be seen beneficial if compared with the time and cost spent when involving a pool of experts.

1. Introduction

1.1. Machine learning to support manufacturing process selection

The selection of a manufacturing process is one of the critical de
cisions made during product development [1]. It requires the investi
gation of both technical and economic constraints [2]. Human experts 
typically make such type of decision based on their experience and 
knowledge [3]. The selection of a specific manufacturing process is 
primarily influenced by design characteristics and functional re
quirements. Moreover, part quality, cost, material type, and production 
performance should be considered when selecting the most suitable 
manufacturing technology [4].

Despite established human-based procedures, automated solutions 

are preferred when number of parts to check is large, or if human 
expertise is limited [5]. Although intelligent systems can ease process 
selection, the automation of this task has been limited by many factors 
and markedly the reliance on engineering drawings [6]. The available 
software applications used to select manufacturing processes have found 
relatively limited applications since they rely typically on rule-based 
solutions [7], as better highlighted in Section 2. This applies also if it 
is acknowledged that using an intelligent system can significantly 
shorten and improve the selection process, even without human super
vision [7]. Machine learning (ML) is one of the most commonly used 
approaches to support manufacturing operations [8]. It can minimize 
the required human labelling and is more flexible than rule-based soft
ware as it can generalize over large datasets [9]. In ML-based applica
tions, the input data can be labeled (i.e., supervised learning) and 
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