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Personalized and scalable immersive technologies for cognitive support and training in assembly operations

Developments in Industry 4.0 are fueling demand for
personalized and custom-made products. This leads to
smaller series in the assembly process and increasing
complexity for operators, which in turn demands
continuous reskilling.

Nowadays there are numerous digital solutions to address
that reskilling through hands-on interactive training for
operators. For example, virtual reality (VR) technologies
are currently used to train operators on the assembly
of products where components are not yet available in
the factory, allowing operators to learn and practice the
assembly process before joining a real assembly line.
Meanwhile, augmented reality (AR) can give operators
continuous guidance on the assembly line through digital
work instructions projected onto the workstation, and
through sensors that generate real-time feedback.

While these digital training solutions are promising,
the current process for creating content for them is
too expensive. Moreover, they do not take into account
operators’ different skill sets and levels, which results in
less efficient training.

The COSMO project aimed to research and develop data-driven
techniques that would enable more efficient content creation
for assembly training for AR and VR applications and allow such
applications to adapt to the skill level of the individual operator.
The project also investigated the impact of AR and VR training on
operators’ learning processes and on stress levels.

THE OUTCOMES

1. (Partially) automated content creation

COSMO’s vision to tackle the cost of content creation was that
audiovisual recordings of an expert demonstrating the assembly
process step-by-step would be translated into digital work
instructions that can be ingested by VR or AR training applications.
The project has developed a proof-of-concept solution that
partially automates this process, reducing the time needed for
producing training content by 50% on average. Through a clever
combination of image recognition and language technologies,
raw recordings of the expert’s demonstration are analyzed and
segmented into sets of digital work instructions. This eliminates
the need for manually placing all the parts and tools in a VR scene,
and for manually defining the assembly sequence in the training
tool. Components of products and workstations can be added
through CAD models to improve the image recognition.

2. Data-driven personalization of training

Overabundant instructions in trainings can reduce the
opportunities for longer-term learning and even reduce
productivity. On the other hand, too little detail in the work
instructions is equally ineffective and can induce stress. COSMO'’s
solution estimates the skill levels of the individual operator
from moment to moment and delivers tailored instructions that
gradually fade out as the operator becomes more skilled with
the task at hand. For example, a new operator may receive full
audiovisual explanations initially transitioning to gentle corrective
nudges as they become able to perform an assembly task more
independently. COSMO also developed an efficient machine
learning model for estimating the stress levels of operators
based on state-of-the-art wearable sensors and transfer learning
techniques.



3. Integrated AR and VR applications for evaluation

These techniques were integrated into applications for training
operators how to assemble a variety of products such as
the central beam of agricultural vehicles (VR) or a wooden
birdhouse (AR). The learning effectiveness of these applications
was evaluated in realistic environments, with operators in
manufacturing companies and students in upper-secondary
technical, vocational and special education. Results from scientific
experiments show that data-driven adaptive work instructions
reduce assembly times and mental effort. More generally, the
experiments show that when the work instructions are soundly
designed based on cognitive models for training and evidence in
the learning sciences, immersive assembly training with AR and
VR has large effects on assembly times, perceived complexity and
mental effort compared with paper-based training.

NEXT STEPS

COSMO has demonstrated the effectiveness of immersive
technologies for assembly training beyond proof-of-concept and
laboratory contexts. The manufacturing companies involved are
convinced that these technologies will have a positive impact
on both the reskilling and the well-being of their workers in
a volatile and increasingly more demanding work context.
Therefore, the technology companies will further develop the
research prototypes for creating content and adaptive training to
increase their maturity levels and integrate them into a bundled
commercial offering comprising self-service SaaS products in
which customers can design their own training.
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The imec.icon research program equals demand-driven, cooperative
research. The driving force behind imec.icon projects are multidisciplinary
teams of imec researchers, industry partners and/or social-profit
organizations. Together, they lay the foundation of digital solutions which
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