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Abstract
In this paper we give an overview of features and use cases that Intelligent Adaptive Assistance
Systems (IAAS) in the literature commonly provide. For this, a literature research has been
executed where 29 papers were selected for inspection. In the course of this inspection, most
common features are noted, compared and assessed against the definitions we gave for an
IAAS. It showed that the development of IAAS can benefit from an intensified research in
cooperation with machine learning experts to further develop the intelligence and adaptivity
of future IAAS.

1 Introduction
Today’s world is characterized by fast changes in the consumer market with customers
demanding customizable products in nearly every aspect of their life. Since customiza-
tion is not yet worth automating in every field, human workers are needed to execute
the tasks. Many of them consist of order picking or assembly tasks, which require basic
skills and a demonstration or explanation to guide the workers, often provided by an
experienced worker, but rarely require a specialized expertise of the field. But since
experienced and trained personnel will be rare and expensive due to the upcoming
skills shortage [Bundesministerium für Wirtschaft und Technologie, 2013], training of
new employees will be costly.
Companies are further required to employ people with disabilities, which often take
on simple assembly and order picking tasks, which they are then trained for. In 2015,
approximately 7 million workers with impairments were employed in the United States
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[VonSchrader and Lee, 2017]. What’s more is the demographic change that leaves coun-
tries with an ever growing amount of elder people [Europe’s Demographic Future -
Growing Regional Imbalances 2008; Shrestha, 2011]. This data shows that there are
many potentially capable workers when offered the necessary support, but companies
can’t always afford to do that. Assistance systems can help tackle this problem by sup-
porting workers in their task execution and training by visualizing the task and giving
feedback on their execution. As a consequence, this eases the load for companies and
workers since training new employees is a challenging task. Different types of assistance
systems have been designed to train and support users in their tasks. In this paper we
focus on systems interacting directly with the user by displays and feedback.
Since this paper discusses Intelligent Adaptive Assistance Systems (in the remaining
paper referred to as assistance systems) a short definition for the three terms will be
given here:
Assistance systems provide users with additional information about tasks and work
processes via visual and other sensory channels and is used to instruct, support and/or
train users in the work process.
Intelligent assistance systems are using acquired information to understand the con-
text and learn the current state of the users actions
Adaptive assistance systems are able to adjust to the current context of the task with
the definition of context taken from the work of Schmidt et al., 1999.

2 Method
In order to include works that cover industrial aspects, publications by DHL, Boeing,
Airbus and other companies were searched in addition to a search using the Google
Scholar engine. As industrial context was the most important criteria for the search,
research had to focus on tasks executed in the industry and more preferably have
industrial partners for their research. Additionally, works with user studies were pre-
ferred, especially when comparing different features (e.g. visualizations, user interfaces
etc.). Filtering of the literature happened in two steps, all works were preselected by
evaluating the titles, then a finer selection by the abstracts of the selected, in order to
choose the papers used for this work. The following search terms were used to search
for papers using the Google Scholar search engine, with the additional constraint that
results were not older than 2013:

system human machine industry OR industrial OR assembly ”adaptive assistance” -
automotive -healthcare -education -hospital -driver -robot
industry OR industrial OR assembly OR assemble OR manufacture ”adaptive assis-
tance” -web -online -ambient -driver -automotive
decision adaptive support system assistance industry industrial assembly intelligent
smart HCI -healthcare -automotive -”e learning” -rehabilitation -web
industrial OR industry ”user assistance system” -healthcare -automotive -”e learning”
-rehabilitation -web



adaptive intelligent industry OR industrial ”assistance system” -healthcare -automotive
-”e learning” -rehabilitation -web -vehicle -traffic
The number of papers which will be used for the discussions, selected by using the
above search terms, is 29.

3 Use-cases of intelligent adaptive assistance systems
There are numerous ways to use assistance systems in the industry. They can, for
example, support employees in assembly tasks or be used in logistics to guide users
to the boxes they have to pick or place items, only naming two. The following section
describes several use cases and mentions preceding research.

Assembly support is important to the industry, as manual assembly tasks take up to
40% of the costs and 70% of the production time [B. Lotter, 2006; E. Lotter, 2012].
Basically the following ways of visualization are used: Augmented Reality (AR), text
guides, videos and images. AR is mostly implemented using Head Mounted Displays
(HMD) [Azuma, 1997; Fite-Georgel, 2011]. Projection based systems can use AR, too,
which is then mostly known as in-situ projection [Markus Funk, Bächler, et al., 2015;
Markus Funk, Kosch, et al., 2016; Müller et al., 2014; Van Krevelen and Poelman,
2010]. Text guides are known in printed formats, but newer systems implement them
by separating the steps and displaying them one after another using displays or the
working surface. Text guides can also be supported or even replaced by using images
and videos for guidance [Markus Funk, Kosch, et al., 2016; Haug et al., 2016; Stork
et al., 2008].

In Order picking (or commissioning) tasks, the workers pick items out of boxes or po-
sitions and collect them in a target. Typically, order picking tasks are executed using
a paper based instruction where the item id and/or name is written. But new systems
are developed by different facilities, like the system by Wanzl1, which implemented a
pick-by-light display. Other systems are using approaches like in-situ projection [Bäch-
ler et al., 2015] or helmets with an integrated projector [Markus Funk, Mayer, et al.,
2016]. Systems that use AR in combination with HMDs are also imaginable, but no
solution, with sole focus on order picking, has been found in the literature.

Maintenance, due to wear and tear of machines, is and always will be a costly task.
Since components have to be replaced, processes may have to be adjusted and possibly
more. This is often executed by workers with either experience or a training specific
for the task, but due to the skills shortage, specialized workers are becoming rare and
expensive. To counter this, systems can be build that provide users with the knowledge
to repair the machines without the need for special training. These systems may use
projections directly on the machine [Stanimirovic et al., 2014] or use AR with smart
glasses to guide the worker [Kerpen et al., 2016], only showing two possible scenarios.

1http://www.wanzl-news.co.uk/17-wanzls-new-order-picking-solutions/



Inclusion of impaired and elderly persons is an important topic, as in the United States
alone approximately every 8th person has a reported disability making up 40 million US
citizens in 2015 with around 7 million of them employed [VonSchrader and Lee, 2017] in
addition to the already mentioned demographic change. Workers with impairments are
skilled workers that need support due to cognitive or physical impairments, normally
receiving a training in manual assembly to execute the tasks. To support them specially
trained instructors should be employed, which may lead to an outsourcing of impaired
workers to sheltered work organizations, since they employ these trained instructors.
Here, assistance systems can be used to integrate workers in the companies, as training
and supervision is mostly done by the system. Several studies were conducted to test
the effect of assistance systems on the performance of impaired workers [Markus Funk,
Bächler, et al., 2015; Haug et al., 2016; Kölz et al., 2015], which show that the workers’
performance increased and that they did not need additional support by an employee.
In the work of Haug et al. the effect of gamification was inspected, when applied
to systems for impaired workers. They performed a user study which showed that
gamification improves the performance of users in the learning process. An additional
effect for some workers was a more comfortable feeling while executing their work,
which may be due to the missing supervisor watching them, resulting in less pressure.
This confirms a hypothesis stated in [Haug et al., 2016].

With learning as an integral component of our life, assistance systems as Teaching
systems can help by providing users with information about tasks or exams to test
their knowledge. These exams can be a simulation using AR where users have to carry
out a task virtually. Such tests are commonly used for pilots and, as of late, for drivers in
training, to simulate stressful or rare situations without putting anyone in danger. More
industry related situations are the teaching of a systems’ characteristics or assembly
and repair tasks. An approach to teach users/students is by using gamification aspects
in tutorials [Blohm and Leimeister, 2013; Haug et al., 2016; Koch et al., n.d.; Korn
et al., 2014]. These systems can implement a quiz with constant feedback, a progress
bar and a reward for a successful quiz like points or virtual badges.

4 Overview of used features
Here we give a short description of the different features that we noted during the liter-
ature research. In this section, first the information presentation is discussed, followed
by the use of robots to assist users, then gamification aspects in systems are discussed
and finally the implementation of machine learning in current systems is inspected.

Different devices for information presentation are one of the main foci in a large portion
of the literature where they describe the pros and cons of different ways of visualization,
with some works additionally comparing them against each other. We focus on Head
Mounted Devices (HMDs) and projection-based visualization for this paper due to their
potential. The projection based systems use a projector that is pointing directly on the
working surface [Spindler and Dachselt, 2009] or a projector-mirror combination to



direct the projected images [Pinhanez, 2001]. In-situ projection, in contrast to the use
of a projector simply as a monitor replacement, displays information directly in the
working area and more importantly right beside or on top the workpieces. This way of
visualization is e.g. used in the work [M. Funk et al., 2015] which show the users, via a
highlight, where to place the next component. Bächler et al. built a table combined with
a projection based system and a projection based picking cart for commissioning tasks,
with an RGB camera and infrared depth sensor to track the users hands, estimating
their position on the assembly worktable [Bächler et al., 2015]. Both systems were
evaluated in a user study, which showed that the systems provided adequate support
for the workers. In their user study for commissioning tasks, they compared their
projection based visualization to a pick by light system and a state-of-the-art paper
based visualization. Numerous research has been conducted to show the applications
of smart glasses in the industry [Servan et al., 2012; Willers, 2006]. Büttner, Markus
Funk, et al. conducted a comparison between a projection based assistance system and
the use of smart glasses to provide instructions. They state that smart glasses are still
in their early developments and that an aspect to improve is the form factor, since
the devices are still heavy and big [Büttner, Markus Funk, et al., 2016]. These results
are reconfirmed when comparing it to the study in [Stocker et al., 2017], where the
participants also stated that the device was uncomfortable to wear and inconvenient
to use.

Robots are used in the industry for many years now, but in a rather independent and
isolated fashion instead of collaborative tasks where they provide support for workers,
like holding heavy components while workers can execute welding tasks ergonomically.
In assembly tasks, robots can hand over components while the worker is focusing exclu-
sively on the assembly. This can be helpful in assemblies with a lot of parts, which forces
the worker to move away from his workplace, when the components can’t be placed
in his direct surroundings anymore, which would disturb the work flow [Haug et al.,
2016]. A system that integrated robots is e.g. [Bannat et al., 2009], where a workbench
was equipped with an industrial robot arm that can switch between four different tools.
Additionally, the workbench is equipped with cameras to track the workpiece and the
users’ tools, additionally the user is wearing a head mounted microphone to control the
robot with command sequences. Further an eye tracking device is worn by the user to
provide additional information according to the point of gaze. Other examples for the
integration of robots in IAAS are described in the works of [Lenz and Knoll, 2014] and
[Savarimuthu et al., 2017].

The main idea of gamification is to increase motivation in solving tasks, by adopt-
ing aspects from computer games, causing users to develop an intrinsic motivation to
execute tasks as good as possible to be awarded with achievements or points [Blohm
and Leimeister, 2013; Deterding et al., 2011; Koch, 2013]. Gamification, as a way to
design information presentation and train employees, has been tested and verified to
be successful in teaching and supporting users [Haug et al., 2016]. Korn et al. measured
the effect of gamification aspects in a study with impaired workers, the results showing
that workers, though faster with gamification, made more errors during the assembly.
They stated that this could be due to the high variance of cognitive abilities inside the



groups and that a study wherein user groups have matching cognitive abilities could
give clearer results [Korn et al., 2014].

Machine Learning algorithms provide methods and algorithms to react to unknown
situations by comparing it to similar, known situations, or by detecting it as an anomaly
and require action by the user, which is a good way to integrate adaptivity in assistance
systems. Büttner, Wunderlich, et al. implemented a Max-Min Hill-Climbing algorithm
in combination with a maximum likelihood estimation to analyze the root causes of
alarm floods. In addition to the analysis, the user is provided an interface that display
all current errors of the machine, in addition to the predicted root cause, so the user can
use his experience in combination with the prediction to carry out the necessary repairs
[Büttner, Wunderlich, et al., 2017]. Bader and Aehnelt integrated a method using Finite
State Machines (FSMs) in combination with a Hidden Markov Model (HMM) to create
working instructions based on observations of the task execution. The tools and parts
are equipped with RFID sensors to track them and then implement the sequence as
an FSM. After the model has been created, the system monitors the users actions and
compares them with the model and if deviations are detected, the user is informed and
provided additional support [Bader and Aehnelt, 2014].

5 Conclusion and Outlook
Over the course of this paper, assistance systems in various fields have been presented,
with focus on industrial use cases. The terms adaptive and intelligent, though much
used in the related work, are not implemented in the way defined here. The adap-
tiveness of systems is rarely given at all and the intelligence is often limited to basic
Machine Learning (ML) algorithms. The systems are mostly taught a model of the task
and only detect deviations from that model, with [Bader and Aehnelt, 2014] being the
only work found that allowed a flexible order of steps. As the focus lay on the industrial
environment and the systems produced there, other fields that use assistance systems
received little attention. Additional work that compares differences in the system con-
cepts of these fields could provide a different perspective on the design decisions and the
sensors used. For example, systems that predict the user’s actions based on their eye
and body movements [Husen et al., 2017], e.g. to prevent injuries in an industry plant.
Another research topic of interest is an overview of current state-of-the-art technology
available to the consumer market and an assessment of opportunities offered there. An
aspect to take into consideration in further research is the evaluation of learning effects
by using different ways of visualization and guidance. Additionally, during the design
process more focus could be laid on the learning aspect when using assistance systems,
thus facilitating the achievement of skills when working with them.



Acknowledgement
Parts of this work have been included in Andreas Besginow’s thesis “Review of Fea-
tures and Information Presentation of Intelligent Adaptive Assistance Systems in an
Industrial Context” at University of Applied Sciences, Lemgo, Germany.

References
Azuma, R. T. (1997). A survey of augmented reality. Presence: Teleoperators and virtual

environments, 6(4), 355–385.
Bächler, A., Bächler, L., Autenrieth, S., Kurtz, P., Heidenreich, T., Hörz, T., & Krüll,

G. (2015). Entwicklung von assistenzsystemen für manuelle industrieprozesse. In
Proceedings der pre-conference workshops der 13. e-learning fachtagung infor-
matik (pp. 56–63).

Bader, S. & Aehnelt, M. (2014). Tracking assembly processes and providing assistance
in smart factories. In Icaart (1) (pp. 161–168).

Bannat, A., Gast, J., Rehrl, T., Rösel, W., Rigoll, G., & Wallhoff, F. (2009). A mul-
timodal human-robot-interaction scenario: working together with an industrial
robot. In International conference on human-computer interaction (pp. 303–311).
Springer.

Blohm, I. & Leimeister, J. M. (2013). Gamification: gestaltung it-basierter zusatzdien-
stleistungen zur motivationsunterstützung und verhaltensänderung. Wirtschaft-
informatik, 55(4), 275–278.

Bundesministerium für Wirtschaft und Technologie. (2013). Engpassanalyse 2013. ”[On-
line; accessed 19-September-2017]”. Retrieved from https://www.iwkoeln.de/
_storage / asset / 112719 / storage / master / file / 2814072 / download / BMWi _
Engpassanalyse%202013.pdf

Büttner, S., Funk, M. [Markus], Sand, O., & Röcker, C. (2016). Using head-mounted
displays and in-situ projection for assistive systems: a comparison. In Proceed-
ings of the 9th acm international conference on pervasive technologies related to
assistive environments (p. 44). ACM.

Büttner, S., Wunderlich, P., Heinz, M., Niggemann, O., & Röcker, C. (2017). Managing
complexity: towards intelligent error-handling assistance trough interactive alarm
flood reduction. In International cross-domain conference for machine learning
and knowledge extraction (pp. 69–82). Springer.

Deterding, S., Khaled, R. N., & Nacke, L. (2011). Le, & dixon, d.(2011). gamification:
toward a definition. In Chi 2011 gamification workshop proceedings.

Fite-Georgel, P. (2011). Is there a reality in industrial augmented reality? In Mixed and
augmented reality (ismar), 2011 10th ieee international symposium on (pp. 201–
210). IEEE.

Funk, M. [M.], Mayer, S., ACM?…, i. A. S.-. P. o. t. 1., & 2015. (2015). Using in-situ
projection to support cognitively impaired workers at the workplace. Retrieved
from https://dl.acm.org/citation.cfm?id=2809853



Funk, M. [Markus], Bächler, A., Bächler, L., Korn, O., Krieger, C., Heidenreich, T.,
& Schmidt, A. (2015). Comparing projected in-situ feedback at the manual as-
sembly workplace with impaired workers. In Proceedings of the 8th acm inter-
national conference on pervasive technologies related to assistive environments
(p. 1). ACM.

Funk, M. [Markus], Kosch, T., & Schmidt, A. (2016). Interactive worker assistance:
comparing the effects of in-situ projection, head-mounted displays, tablet, and
paper instructions. In Proceedings of the 2016 acm international joint conference
on pervasive and ubiquitous computing (pp. 934–939). ACM.

Funk, M. [Markus], Mayer, S., Nistor, M., & Schmidt, A. (2016). Mobile in-situ pick-
by-vision: order picking support using a projector helmet. In Proceedings of the
9th acm international conference on pervasive technologies related to assistive
environments (p. 45). ACM.

Haug, S., Glashauser, L., Großmann, B., Pohlt, C., Schlegl, T., Wackerbarth, A., &
Weber, K. (2016). Gamification im anlernprozess am industriearbeitsplatz–ein
inklusiver ansatz. Technische Unterstützungssysteme, die die Menschen wirklich
wollen, 421.

Husen, M. N., Lee, S., & Khan, M. Q. (2017). Syntactic pattern recognition of car
driving behavior detection. In Proceedings of the 11th international conference
on ubiquitous information management and communication (p. 77). ACM.

Kerpen, D., Löhrer, M., Saggiomo, M., Kemper, M., Lemm, J., & Gloy, Y.-S. (2016).
Effects of cyber-physical production systems on human factors in a weaving mill:
implementation of digital working environments based on augmented reality. In
Industrial technology (icit), 2016 ieee international conference on (pp. 2094–
2098). IEEE.

Koch, M. (2013). Gamification von business software–steigerung von motivation und
partizipation.

Koch, M., Ott, F., & Oertelt, S. (n.d.). Schriften zur soziotechnischen integration.
Kölz, M., Jordon, D., Kurtz, P., & Hörz, T. (2015). Adaptive assistance to support and

promote performance-impaired people in manual assembly processes. In Proceed-
ings of the 17th international acm sigaccess conference on computers & accessi-
bility (pp. 337–338). ACM.

Korn, O., Funk, M., Abele, S., Hörz, T., & Schmidt, A. (2014). Context-aware assistive
systems at the workplace: analyzing the effects of projection and gamification. In
Proceedings of the 7th international conference on pervasive technologies related
to assistive environments (p. 38). ACM.

Lenz, C. & Knoll, A. (2014). Mechanisms and capabilities for human robot collabora-
tion. In Robot and human interactive communication, 2014 ro-man: the 23rd ieee
international symposium on (pp. 666–671). IEEE.

Lotter, B. (2006). Montage in der industriellen produktion.(b. lotter & h.-p. wiendahl,
eds.) Berlin, Heidelberg: Springer Berlin Heidelberg. http://doi. org/10.1007/3-
540-36669-5.

Lotter, E. (2012). Hybride montagesysteme. In Montage in der industriellen produktion
(pp. 167–193). Springer.



Müller, R., Vette, M., Mailahn, O., Ginschel, A., & Ball, J. (2014). Innovative assembly
technology and assistance systems for large components in aircraft assembly.
Proceedings in Manufacturing Systems, 9(2), 69–74.

Europe’s demographic future - growing regional imbalances. (2008). Stiftung Berlin-
Institut fur Bevolkerung u. Entwicklung. Retrieved from https://www.amazon.
com / Europes - Demographic - Future - Regional - Imbalances / dp / 3981247302 ?
SubscriptionId=0JYN1NVW651KCA56C102&tag=techkie-20&linkCode=xm2&camp=
2025&creative=165953&creativeASIN=3981247302

Pinhanez, C. (2001). The everywhere displays projector: a device to create ubiqui-
tous graphical interfaces. In International conference on ubiquitous computing
(pp. 315–331). Springer.

Savarimuthu, T. R., Buch, A. G., Schlette, C., Wantia, N., Rossmann, J., Martinez,
D., …, Nemec, B. et al. (2017). Teaching a robot the semantics of assembly tasks.
IEEE Transactions on Systems, Man, and Cybernetics: Systems.

Schmidt, A., Beigl, M., & Gellersen, H.-W. (1999). There is more to context than
location. Computers & Graphics, 23(6), 893–901.

Servan, J., Mas, F., Menendez, J., & Ríos, J. (2012). Using augmented reality in air-
bus a400m shop floor assembly work instructions. In Aip conference proceedings
(Vol. 1431, 1, pp. 633–640). AIP.

Shrestha, L. B. (2011). Changing demographic profile of the united states. DIANE
Publishing.

Spindler, M. & Dachselt, R. (2009). Paperlens: advanced magic lens interaction above
the tabletop. In Proceedings of the acm international conference on interactive
tabletops and surfaces (p. 7). ACM.

Stanimirovic, D., Damasky, N., Webel, S., Koriath, D., Spillner, A., & Kurz, D. (2014).
[poster] a mobile augmented reality system to assist auto mechanics. In Mixed
and augmented reality (ismar), 2014 ieee international symposium on (pp. 305–
306). IEEE.

Stocker, A., Spitzer, M., Kaiser, C., Rosenberger, M., & Fellmann, M. (2017, June).
Datenbrillengestützte checklisten in der fahrzeugmontage. Informatik-Spektrum,
40(3), 255–263. doi:10.1007/s00287-016-0965-6

Stork, S., Stossel, C., & Schubo, A. (2008). Optimizing human-machine interaction in
manual assembly. In Robot and human interactive communication, 2008. ro-man
2008. the 17th ieee international symposium on (pp. 113–118). IEEE.

Van Krevelen, D. W. F. & Poelman, R. (2010). A survey of augmented reality tech-
nologies, applications and limitations. International Journal of Virtual Reality,
9(2), 1.

VonSchrader, S. & Lee, C. G. (2017). Disability statistics from the current population
survey (cps). Retrieved from www.disabilitystatistics.org

Willers, D. (2006). Augmented reality at airbus. In International symposium on mixed
& augmented reality.



Authors

Besginow, Andreas

Andreas completed his Bachelor of science at the OWL University
of Applied Sciences, Lemgo in Computer Engineering. Since win-
ter 2017, he studies Information Technology at the OWL Univer-
sity and works as a research assistant at the Institute Industrial
IT (inIT) in the group “User Experience and Interaction Design”.
His main field of work is the development and implementation of
projection-based assistance systems.

Büttner, Sebastian

Sebastian is member of the research group “User Experience
and Interaction Design” at the University of Applied Sciences
Ostwestfalen-Lippe, Lemgo, Germany. In addition, he is a PhD
student at the Human-Centered Information Systems Group,
Clausthal University of Technology, Clausthal-Zellerfeld, Ger-
many. Sebastian’s research focuses on the question of how
projection-based augmented reality technologies will be used in
the future of industrial work.

Röcker, Carsten

Carsten is a board member of the Institute Industrial IT at the
University of Applied Sciences Ostwestfalen-Lippe and represents
the research group “User Experience and Interaction Design”. In
addition, he heads the working group “Assistance Systems” at
the Fraunhofer Application Center IOSB-INA. Prior to that, he
worked at RWTH Aachen University (2008-2014), the University
of California, San Diego (2007-2008) and the Fraunhofer Institute
for Integrated Information & Publication Systems, Darmstadt
(2000–2006). His current research focuses on intelligent systems,
human-machine interaction and technology acceptance.


