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STRUCTURED ABSTRACT

Purpose - In the context of Industry 4.0, collaborative robots - which might be equipped with different
types of sensors - have been gaining ground, used to cooperate with humans in quality control of
finished or semi-finished products. Compared to the various applications of collaborative robotics in
manufacturing (e.g., material handling, assembly, pick and place, and positioning), widely studied
and adopted in industry, quality control and testing have not yet reached their full potential. This
paper aims to study the state-of-the-art collaborative robotics used for quality control purposes in

both academia and industry.

Design/methodology/approach — This paper analyses in a structured way the scientific literature and
some prominent real industrial case studies regarding the state-of-the-art of quality control using

collaborative robotic systems in manufacturing.

Findings - The analysis enables the identification and definition of the main challenges and
opportunities that the manufacturing sector is facing for the large-scale use of the new quality control
paradigm. Results show that collaborative robotics in quality still plays a marginal role and is mainly
adopted for in-process visual inspections to increase system efficiency. Some barriers still hamper
the full adoption of this paradigm, but there is plenty of opportunity for research and economic

growth.

Originality/value - The innovative aspect of this research is the combined analysis of scientific
articles and real-life case studies that provide a comprehensive overview of the research and actual

use in industry of this emerging paradigm of quality control.
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INTRODUCTION

The application of Human-Robot Collaboration (HRC) in manufacturing systems has increased in the
last years and goes hand-in-hand with the growing importance of Industry 4.0 related technologies.
Collaborative robots (also called cobots) are defined as complex machines that support and relieve
the human operator in a shared work process (Hentout et al., 2019). Accordingly, in a simplified way,
cobots are robots that collaborate with humans, sharing a workspace to alleviate human efforts.
Drawing a parallel with the software context, cobots are the hardware version of augmented
intelligence. Thus, instead of replacing humans with autonomous counterparts, cobots augment and
enhance human performance with strength, precision and data capabilities to provide additional value
to organisations.

The application fields of HRC are manifold and, as above mentioned, the main task is to relieve
human workers from tedious and repetitive tasks, integrating the automation, repetitiveness, precision
and flexibility that characterise collaborative robots while, at the same time, maintaining the cognitive
and soft skills of human workers.

Product quality control is widely recognised as a key and indispensable factor in a production process
that may reduce the number of defective parts reaching end-users (Montgomery, 2012). Considering
the high customer demands in today's market, a constant search for new control systems and
technologies to make quality control processes as efficient and effective as possible is one of the main
challenges facing academia and industry.

In the context of Industry 4.0, cobots - which might be equipped with different types of sensors - have
been gaining ground, used to cooperate with humans in quality control of finished or semi-finished
products. Cobots are one of the key technologies of Quality 4.0, i.e. a new paradigm of quality
management, which emphasises the need to adapt to recent technological innovations by updating
traditional quality approaches in the modern era of Industry 4.0 (Antony et al., 2021; Dias et al.,
2021). Quality 4.0 presents many benefits including real-time process monitoring, big-data collection
and predictive maintenance supported by analytics (Kiipper et al., 2019). As a result, Quality 4.0
enables enterprise efficiencies, performance, innovation, and improved business models (Sony et al.,
2020). However, compared to the various uses and applications of collaborative robotics in
manufacturing (e.g., material handling, assembly, pick and place, and positioning), widely studied
and adopted in industry, quality control and testing still play a marginal role.

This paper aims to analyse the scientific literature and some prominent real case studies adopted by
companies regarding the state of the art of quality control using collaborative robotics systems in
manufacturing. The analysis enables the identification and definition of the challenges and
opportunities that the manufacturing sector is facing for the large-scale use of the new quality control

paradigm based on human-robot collaboration.



BACKGROUND FRAMEWORK

In recent years, the use of robotics has spread to almost every field and more specifically to the area
of manufacturing, where the benefits that can be achieved are numerous. The underlying reason is
that manufacturing today is facing the evolution towards Industry 4.0, which emphasises efficiency,
cost reduction and productivity through automation and data analytics.

Industries, therefore, need to be faster, more flexible, proactive and respond quickly to market needs
in a sustainable and efficient manner, ensuring excellent quality levels for customer satisfaction. The
answer to these challenges has been partly found in the use of robotic automation within different
production processes, playing a key role in the competitiveness of today's manufacturing industry.
The main benefits of introducing robots into the production area include the ability to relieve workers
of repetitive, heavy, and automatable tasks, as well as the resulting accuracy and repeatability,
resulting in a higher quality product.

For high-volume manufacturing, a robot can maintain high efficiency and repeatability but lacks
flexibility when it comes to problem solving and uncertainty. Human operators, on the other hand,
know the way or can think of a possible way to solve these problems due to rationality, but they lack
repeatability, speed and cannot lift heavy weights, which ends up in decreased efficiency and quality
of the final product or service (El Zaatari et al., 2019).

A balance between automation and flexibility is essential to achieve these overall manufacturing
goals in mass customisation. This encourages researchers to look at combining the advantages of
automation and manual labour. This research has culminated in Human-Robot Collaboration (HRC),
a promising robotics discipline focused on enabling robots and humans to operate jointly to complete

collaborative tasks (Zaatari, 201














































































