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Capponi, M., Mastrogiacomo, L.", Antonelli, D.", Franceschini, F."
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STRUCTURED ABSTRACT

Purpose - It is widely accepted in quality management that product complexity is a primary cause of defects.
A primary goal of this work is to provide a comprehensive review of complexity assessment methods to
highlight different approaches and their application purposes. Moreover, the spread of collaborative robotics
in industrial environments has also led to the consideration of a new definition of assembly complexity. This
article attempts to fill this gap, with the specific aim of understanding which of the available methods may
be suitable for modelling “complexity” in human-robot collaboration (HRC).

Design/methodology/approach — A systematic literature review of complexity assessment methods in
manufacturing is carried out. From this analysis, three main approaches to complexity assessment emerged.
A practical case is then introduced to test each of the three previous approaches and to highlight their

strengths and weaknesses, with a special focus on their future adaptation to a collaborative assembly process.

Findings - To date, none of complexity assessment methods is specifically able to face the problem of
interaction between agents (i.e., humans and robots). Only system-centered approaches hypothesize a
holistic view of complexity, including some variables that are also crucial in the assessment of human-robot

collaboration.

Originality/value — This article aims to extend the concept of industrial quality to HRC. In this framework,
it cannot be ignored the fact that the dynamics of interaction between agents can equally influence both

process and product quality.
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1. INTRODUCTION

The world of manufacturing has been facing new challenges in recent years. The spread of Industry 4.0
principles has put humans back at the center of manufacturing processes, introducing the concept of human-
centered manufacturing (Mital and Pennathur, 2004; Oztemel and Gursev, 2020; Xu et al., 2018). One of
the most promising enabling technologies of this transition is collaborative robotics. Unlike traditional
robots, humans and cobots work simultaneously in a shared workspace (Bauer et al., 2008; Goodrich and
Schultz, 2008). In this way, humans can be replaced by machines in the most exhausting and repetitive
operations, but at the same time they make up for the rigidity of robots with their flexibility and dexterity in
the most complicated operations. Collaborative robotics is widely used in assembly processes where humans
and cobots cooperate basing on a predefined assignment of tasks with the common goal of assembling a
product. In literature, this process is known as collaborative (or HRC) assembly. Considering this, traditional
quality control paradigms should also be revisited. Many studies showed that structurally complex products
can increase the probability of defects in manually assembled products (Genta et al., 2018; Su et al., 2009;
Verna et al., 2021). Although product complexity remains an important source of defects, it is necessary to
adopt a multidimensional approach for the assessment of complexity in a collaborative assembly, including
variables such as safety, human-robot communication, task organization, physical and psychological well-
being of operators. While much research has been done on the assessment of complexity of a manual
assembly, there is a gap of knowledge about effects of the variables that may impact the complexity of
collaborative assembly. The complexity of human-robot interaction, indeed, may negatively affect the entire
assembly process and lead to the occurrence of new process defects and thus product defects. This work
attempts to preliminarily answer the following research question: Are existing complexity assessment
methods suitable to analyze HRC in collaborative settings? This paper is organized in the following way.
The first section provides an extensive literature review on assembly complexity methods, identifying three
main approaches. In the second part a practical case study is introduced to comparatively evaluate different
approaches. The final section concerns a preliminary analysis performed to identify which crucial
dimensions in assessing the complexity of collaborative assembly would be covered or uncovered by existing

methods.

2. ASSEMBLY COMPLEXITY: A LITERATURE REVIEW

This section contains an extensive literature overview on methods for assessing manufacturing complexity

in assembly tasks.



2.1. Methodology

The literature review is based on the analysis of a sample of journal articles obtained throughout the
following Scopus query string: “( TITLE-ABS-KEY ( ( "structural complexity” OR "product complexity"
OR '"process complexity” OR "task complexity” OR "complexity analysis” OR "complexity metrics" OR
"Perceived production complexity” OR "operational complexity” OR "manufacturing complexity” OR
"production complexity" ) AND ("manufacturing” OR "production” OR "assembly"))) AND ( LIMIT-
TO (SUBJAREA, "ENGI")) AND (LIMIT-TO ( DOCTYPE, "ar") )”. The rationale behind the definition
of this query string was to include the following elements:

1. core content: a list of keywords concerning complexity assessment and metrics

2. scope: production systems and more specifically assembly

3. subject area: only papers related to engineering fields

4. document type: article

The initial database was composed of 733 documents from 1970 until 2021. Through a first analysis of titles
and abstracts, only documents concerning product and operational complexity from 2010 to 2021 were
included, reducing the initial set of 733 papers to 94 significant papers. Hence, papers not referring to
complexity in assembly tasks were excluded. After this second filtering, 18 significant papers remained. The
last phase of this literature review involved snowballing analysis, i.e., a global analysis of references and
citations of the papers in scope, obtaining a final set of 33 documents. In Figure 1 a diagram flow illustrating
all the phases of the state-of-the-art analysis is represented.
Basing also on taxonomies already proposed across years (Alkan, Vera, Ahmad, Ahmad, et al., 2018;
ElMaraghy and Urbanic, 2004) , three macro areas of complexity methods in assembly processes were
identified:
e Product-centered complexity: it includes methods that evaluate complexity by focusing
mainly on (i) the geometrical and dimensional features of products and (ii) the necessary time
to handle parts and perform a specific assembly task.

e Information-centered complex








































































