Assistive and Smart Manufacturing Systems:
Implications for Augmented Workplaces

David M. Savino
Ohio Northern University

Various assistive methods have been applied to support and enhance the manufacture of goods in
assembly work contexts. In addition to greatly increasing both quantity and quality results in production
environments for most workers, these systems have also been employed successfully with other workers
such as elderly and impaired persons. The variety of production methods used include motion recognition
and projection to elements based on game design which is also known as gamification. This study is a
discussion of these various production methods and their applications and the implications for improved
worker results achieved through enlightened production training techniques.

INTRODUCTION

There’s a not too subtle revolution taking place in the world of manufacturing and assembly. Over the
last few years a sophisticated system of automation has swept through the global world of manufacturing
goods. This technology is simple, efficient and facilitates a high degree of production accuracy that
achieves consistently positive results. The world of assistive smart manufacturing is the blending of
manual manufacturing techniques with augmented reality and gaming elements that helps create diverse
and complex products that are simple to make and allows for standardization. The result is more
productive systems, high quality products, safer working conditions and a platform for the transfer of
learning that has major implications for Human Resources practitioners in the field of the training and
development of all kinds of employees.

The recent transformation of automated production in many ways creates a strangely parallel
production revolution headed by Frederick Taylor and others in the Scientific Management movement
over a century ago. In his time Taylor worked to create a manufacturing system so detailed and
prescriptive that any basic worker could understand and easily practice to create amazing productivity
outcomes. His extreme division of labor and detailed job design revolutionized manufacturing that
achieved high levels of productivity, high quality results and cost efficiency. The current wave of Smart
Manufacturing achieves similar results based on job details and procedures that are generated by
automated and virtual means. The “Fourth Industrial Revolution™ as some have called it is a fusion of
technologies across several worlds which is creating tremendous capabilities and impacts in
manufacturing, economic systems and human endeavors defined in terms of speed, connectivity and
change (Huffington, 2016). The advent of Smart Manufacturing Systems (SMS) can either be applied as
a new system using high technology as the base or blending it into existing systems that were designed
based on more traditional physical means. The value of SMS is to be agile to respond quickly to adapt
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new production techniques that do not significantly disrupt ongoing manufacturing processes (Jung et al.,
2016).

THE TRADITIONAL PRODUCTION CONTEXT

Assembly and production line work is generally repetitive and lends itself to the great possibly of
errors which leads many to consider moving to completely automated systems (Korn et al., 2014). While
many simple assembly type work can easily be automated, many types of assembly work require tasks
that may not be totally repetitive, may require adjustments during the process due to the nature of the
particular job where human touch is required or for economic reasons when the lot size may not justify
total automation. Therefore, as a general rule larger lot sizes with simple and repetitive processes can be
done through automation (Korn, et al., 2012).

The transfer of knowledge in any kind of training is essential if we expect well trained employees to
carry out assigned tasks related to their jobs. Training and instructional design should be developed on a
system of needs assessment based on organizational, person and task expectations (Noe et al., 2016). In
basic manual manufacturing and assembly these assessments and successful results are based on meeting
the expectations expressed by Human Resources on behalf of the organization, through individual
capabilities of human capital and the task at hand. The usual procedure of training is accomplished by
having experienced workers teaching new employees by personal oversight or through the use of printed
instructions (Funk et al., 2015). The expectation is that the growing demand for more specialized and
individualized products will still require manual assembly procedures that are complex (Korn, 2012). In
order to facilitate the continued need for manual assembly that is expected to be efficient and safe with
high quality products being produced, new and exciting assembly methods are being accomplished by a
variety of smart manufacturing techniques using augmented reality, assistive systems based on motion
recognition, gamification and in-stu image projection (Hahn, 2015; Funk, 2015; Zhou, 2011 and Korn,
2014). The increased need for assistive systems involved in smart manufacturing set the tone by
generating three paradigms for productive designs that deal with scalability of competence and process,
limited information at the appropriate time and increased interest on the part of the worker related to
motivation and work enjoyment with the right information, in the right place at the right time (Ruther et
al., 2013).

STATE OF THE ART OF APPLIED ASSISTIVE SYSTEMS

Traditional methods of production and associated training techniques have relied on the use of a
prescriptive set of instructions that were to be followed consistently once they were learned by the
worker. These detailed set of guidelines were usually developed in a written format that both the trainer
and the worker needed to understand and apply. However, because of certain complexities now seen in an
ever changing work environment along with potentially prohibitive costs of human assistance, interactive
assistive instruction systems have been successfully applied based on technological advances utilizing
displays, in-situ projection and gamification (Funk et al., 2016; Korn, 2015).

Since its early developments seen in the 1990s, assistive technology is recognized to be an
interdisciplinary field based on elements of engineering, computer science as well psychology and ethics
(Cook & Hussey, 1995; Korn, 2014). As seen in Figure 1 below assistive systems involve a complex set
of issues in each of the relevant disciplines that not only look at the technical aspects of the system but
also at the human and moral issues involved (Korn, 2014).
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FIGURE 1
DISCIPLINES RELATED TO CONTEXT-AWARE ASSISTIVE SYSTEMS
(Oliver Korn, 2014)
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With its development initially targeted at individuals with cognitive and motor challenges, assistive
technology is now easily seen in various applications such as in route guidance systems in cars, Google
glass wearables and in manufacturing and product assembly (Korn, 2014). While these are very exciting
manufacturing technologies that are revolutionizing product assembly and manufacturing, they are by no
means new to the world of production. An early version of light projected and worker interaction was first
seen in 1991 based on Wellner’s Digital Calculator where a camera was used to see where the user was
pointing and then ten years later with the Everywhere Displays Projector that made office spaces
interactive (Wellner, 1991; Pinhanez, 2001). More recently the patented Light Guide System developed
by OPS Solutions uses projection without interaction (Korn, 2014). In addition, early examples of
repurposing gamification outside of game applications came in 2007 related to cancer treatment for
children and in 2010 for therapeutic purposes (Kato, 2008; Korn, 2012).

ASSISTIVE TECHNOLOGIES AS APPLIED TO HUMAN ACTIVITY

One of the greatest advances in the area of work was the eventual routine interaction of human work
and technology in the machine age. The long standing use of technology in engineering and production
management was designed to assist healthy workers who were “impaired” when it came to heavy weights
and dangerous conditions and substances (Korn, 2014). The assistance and support provided by
technology in the work environment extends the human condition and its capacities in cognitive and
physical endeavors. When this person-machine interaction takes place certain behavioral patterns emerge
that should be analyzed and interpreted to generate a proper interface as related to such elements as
activity, human, context and assistive technology as defined by the Human Activity Assistive Technology
Model (HAAT) (Cook & Hussey, 1995). In work environments the human is the intrinsic enabler and the
assistive technology is defined as the extrinsic enabler (Korn, 2014).
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Manual assembly and basic production have been the basis of industrialized success and remain so
today. The key issue is determining the proper balance between those activities that can be fully
automated which require manual human oversight with those situations where special conditions require
human interaction that can be made more efficient, safe and with better levels of quality as a result (Funk,
2015). Through various modes of interaction the user is able to interact with assistive and augmented
systems that allow the user to extend their abilities regardless of personal ability or condition (Riither,
2014).

TRAINING IMPAIRED PERSONS THROUGH ASSISTIVE SYSTEMS

One of the most interesting applications of assisted and smart manufacturing is the application of
these techniques in the training and the ultimate work output of impaired individuals as defined by age,
physical or mental limitations. The designation of the term impaired individuals in based on a document
developed by the United Nations General Assembly (Hendricks, 2007). Another consideration in dealing
with worker limitations relates to employees from other countries who speak different languages.
Therefore, training and production procedures presented via assistive methods go beyond traditional
means which many times does not provide desired work outputs either in terms of quality or quantity
(Hahn, 2015). The use of assistive manufacturing techniques have proved to be very beneficial to workers
with limitations. Based on the need for assembly workers and the effort on the part of society to more
fully integrate impaired workers into everyday work process, the use of in-situ projection in training and
work outcomes have shown great promise (Funk, 2015). The use of assistive systems has consistently
shown the potential of substantially increasing the inclusion of impaired workers as contributing,
productive members in contracted work sometimes called sheltered work environments (Korn, 2013;
Funk, 2015). Also, the labor market for manual work to be done by impaired individuals is an important
part of the economy because it has implications that are therapeutic in nature for certain citizens, helps
support legal obligations of employing people in employing those handicapped or impaired and for
benefits derived from efficiencies achieved through outsourcing (Korn, 2013).

ASSISTIVE TECHNOLOGY FOR ELDERLY EMPLOYEES

Because of the great recession of about a decade ago along with increasing lifespans, many workers
in Europe, Japan and the United States are prolonging their work careers in greater numbers to either add
to their financial resources for retirement or they just prefer to continue to work for the continued
challenges. With prolonged careers as a reality, there is a generally believed correlation between age and
the increased impairment (Korn, 2014). Some refer to workers beyond the age of 60 as elderly where
some suffer from a measured reduction in memory and learning abilities (Satre, et al., 2006). While older
workers may not consider themselves impaired because some deficits in performance are age appropriate,
in work environments such deficiencies could lead to more consistent errors and increased production
time (Ikeda et al., 2009). The use of assisted and smart manufacturing techniques is a great way to
counteract demographic challenges and facilitate the further development of skills and the empowerment
of elderly and impaired individuals to achieve greater results in more complex production situations with
lower error rates (Brach, 2012).

ASSISTIVE SYSTEM OUTCOMES

Numerous studies have been done to evaluate the outputs achieved by workers using assistive
manufacturing systems. A systematic review of these various studies yield generally positive results based
on success indicators such as ease of use, helpfulness, joyfulness/satisfaction, increased accuracy,
independence of work and enhancement of skills (Buttner et al., 2016; Sauer, 2010). Several different
types of assembly operations have been studied to see the value of assistive technology. Some of the types
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of operations were health care instrument sterilization, automotive spot welding, general automotive
manufacturing, manual order picking, basic assembly jobs, school and vocational training (Sauer, 2010).

A field study conducted in Germany at the Beschutzende Werkstatte Heilbronn (BWH) was
undertaken to observe impaired workers using assistive technology to assess processing orientation, work
time and error rates (Korn, et al., 2013). This was a German sheltered work facility that employed
approximately 1000 workers with various forms of impairment. After being contacted by the
organization’s board and written consent was given by the worker or their legal guardian, 81 workers
were selected for the study Langheinrich et al., 2013). A pre-study helped determine the test subjects, a
baseline of the subjects understanding of the work involved and expected output as related to assembling
a product made with Lego pieces. For the actual study the workers were divided into two test groups;
those with no assembly augmentation and those using in-situ projection (Korn, 2014). After observing
assembly of products based on the two augmentation methods and a questionnaire being administered, the
subjects were assessed on their respective performances based on method, time measurement and quality.
Overall, the results showed that while the in-situ projection method yielded faster production times, error
rates were slightly higher (Korn et al., 2013). The main difference seemed to come down to the ease of
following projected prompts and seeing part images to be assembled versus constantly looking at
instructions of assembly. Regardless, many of the workers did have difficulties on a cognitive level which
still need to be addressed in the design of future work environments for impaired workers.

Another study was conducted to explore the effect of in-situ instructions versus printed pictorial
instructions showed very promising results for assistive manufacturing for impaired workers in a
sheltered work environment. By observing the work of 15 cognitively impaired workers the results
indicated that more complex products could be assembled three times faster with 50% less errors (Funk
et al., 2015). In addition, while pictorial instructions have been more commonly used to train impaired
workers over the years with very good results, the introduction of in-situ assistance proved to be more
productive and in some ways more preferred by the workers on a personal enjoyment level when their
supervisors reported that the workers were asking to work in the workplace with lights again (Funk, 2015,
Pierce 1994).

Other projection or light guided systems have shown some promise in specific applications. For
example, a project in the oil and gas industry was greatly benefited as a result of using projected
instructions for assembly when new workers were needed to be hired that required extensive training
(Ryznar, 2016). This system of projection without interaction was utilized and successfully addressed key
issues such as safety, productivity, performance, quality and cost (Ryznar, 2016; Korn et al., 2014). In
varied manufacturing situations the OPS patented Light Guide System has shown significant positive
results in assembly environments with errors reduced by 80 percent, production time reduced by 40
percent and throughput increased by over 80 percent (Ryznar, 2016).

CONCLUSION

As reported workers generally develop a routine in their tasks that serve them well as far as achieving
the desired levels of outputs in a timely manner with acceptable amounts of errors. It appears that workers
of all types have benefited from assistive method assembly and manufacturing. The results reported from
various types of production environments yield convincing results that assistive manufacturing will
continue to grow in its applications and wide spread usage. While the initial emphasis of this research was
to search for ways to improve general work environments through assistive systems, the results are
obviously well beyond those typical work environments. Workers impaired either through cognitive,
physical or age conditions have consistently shown significant results where methods of assistive
manufacturing and assembly are utilized. While some reported that augmented systems has a catalytic
effect with concrete results to back their claims, others were more than eager to promote the various
augmented systems that not only increased productivity but also provided personal reactions of
satisfaction and work enjoyment (Korn et al., 2013). Assistive systems in production thus provide a
regulation on production and a quality gate (Korn, et al., 2015). A great deal can be said able what
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assistive and augmented systems can mean to impaired employees to support independent work, building
confidence and promoting inclusive employment (Baechler et al., 2016). Empowerment is sometimes an
overused work in reported behaviors and outcomes in the workplace, but in the area of supporting and
genuinely expanding the opportunities for satisfaction and success of the impaired in the workplace its
use seem more than appropriate.
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