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Abstract. Industrial Augmented Reality (IAR) has proven its potential in ETO
industry by improving productivity and acting as a key technology for consistent
digital information flows. In order to leverage these potentials on a significant
scale, broad distribution of IAR inside a company should be aimed for. However,
most applications have not yet overcome a prototype state and failed to make the
step into production. Primary limiting factors are inadequate device availability
and acceptance of current AR solutions, which focus on smart glasses and tablet
devices. The aim of this paper is to examine whether smartphones have the po-
tential to serve as a platform for IAR in ETO industry. First the user interface of
an existing tablet IAR prototype is adapted to a smartphone in order to later eval-
uate user experience. Hence a survey to assess worker preferences between tablet
and smartphone devices for common IAR supported tasks is developed. The sur-
vey design is tested on a group of workers from ETO industry.

Keywords: Industrial Augmented Reality (IAR) - Mobile Devices - Engineer-
to-order (ETO) - User Experience

1 Introduction and Motivation

Digitalization initiatives in ETO industry transform the future way workers access in-
formation by focusing on consistent digital information flows between product design
and shop floor and digitalized operator support [1]. Industrial Augmented Reality (IAR)
is a special form of digitalized operator support, which visualizes information as virtual
content superimposed with reality. It is broadly researched in manufacturing [2] and in
particular in the ETO industry for maritime products [3, 4]. In this field mobile devices
are the most common type of hardware due to native capabilities that foster the imple-
mentation of 1AR, such as sensors, display technologies and software frameworks [4].
IAR can reduce the necessary amount of 2D drawings with their high creation costs by
allowing for simple access to the underlying 3D CAD data and derived information,
e.g. measurements [5].

For leveraging the potentials, it is implied that the predominant device and software
need to be widely accepted in a company in terms of user friendliness, reliability and
scalability [6]. These fundamental requirements are still not sufficiently fulfilled by
head-mounted devices or wearable technology [7].



In contrast, smartphones and tablets are routinely used in private and business areas.
Smartphones, in particular, are carried around by almost everyone due to their com-
pactness, which makes them a highly available information carrier. While broad re-
search on tablet-based IAR in ETO industry exists, smartphones still lack examination.

This paper identifies the challenges for smartphone-based IAR and introduces a pro-
totypical smartphone adaption of an existing Ul for a tablet-based IAR information
system for workers in ETO industry, like e.g. on a shipyard. Subsequently a study de-
sign for determining user preferences in comparison with the tablet solution is pro-
posed. The results of a preliminary test of the study design are finally presented.

2 Industrial Augmented Reality in ETO Industry

The basic principle of Augmented Reality is to overlay real environments with virtual
content while maintaining a constant positional reference between those two and allow-
ing the user to interact with the virtual content in real-time [8]. Industrial Augmented
Reality is a subset of AR and aims at industrial fields of application and their distinct
requirements. E.g. most environments in ETO industry do not offer consistent connec-
tivity. Therefore, IAR applications must be designed to focus on daily updates of the
most relevant data instead of live streaming it. The main reason for use of 1AR, espe-
cially in ETO industry, is its positive impact on productivity and product quality.

2.1  Productivity Impact

In previous research, Halata, Friedewald et al. [5, 9] extensively studied the use of AR
in one-of-a-kind production for products, which are produced in a prepared environ-
ment, like cruise ships in a yard and assessed the individual potentials of different IAR
devices. They concluded that handheld devices bear the biggest potential to improve
key activities found in productivity analysis for assembly processes in ETO industry,
which requires more flexible work planning than in BTO or MTO industries. Although
focusing on tablets for prototyping and evaluation, they anticipate similar potentials for
smartphones. Studies with workers from ETO industry in a test environment revealed
a significant labor productivity increase of up to 19% with a tablet-based prototype [9].

The productivity increase results from the impact of an IAR system on those activi-
ties which are summarized as information gathering. An example is gathering infor-
mation about the final state of a work package in order to plan the task execution ad-
hoc and to check for engineering changes, which occur more often than in other indus-
tries due to the ETO approach. A target-actual comparison after a work package is fin-
ished, reveals deviations from target state. AR is not only a more intuitive way of com-
pleteness check in comparison to the use of drawings, evaluations have also shown an
increased error detection rate and improved product quality, which reduces rework [9].



2.2  Standard User Interface for Tablet-based IAR

In the research project SUPER [10] an IAR prototype based on the fundamental concept
of Halata et al. [5, 9] has been developed, which offers additional features like display-
ing a product structure and advanced filtering. Its Ul is shown in Figure 1 and consists
of three main areas. There are two collapsible 2D content areas on each side of the
screen (1), which can hold different groups of information and associated functionali-
ties, called modules. A module is for example the searchable product structure on the
left side of the screen, which a worker uses to find and inspect relevant parts for a work
package. A 3D content area is using nearly the entire screen space when 2D content
areas are collapsed (2). It either displays an entirely virtual environment (CAD mode)
or an augmented reality visualization (AR mode). Two constantly visible control bars
at the top and bottom of the screen (3) contain buttons to control these visualization
modes as well as the activation state of modules in the 2D content areas. Further buttons
allow for user interactions affecting the 3D content area in terms of navigation, e.g.
automatic movement of the camera towards a selected part in CAD mode.
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Fig. 1. User interface of a tablet-based IAR prototype

3 Adapting the User Interface to the Smartphone Screen

Since the hardware performance is comparable between smartphones and tablets, the
smaller screen size of smartphones in particular makes the difference. In the following
the focus therefore is on solving the resulting challenge of maintaining user experience
despite the smaller screen size, when 1AR is brought to smartphones.



In order to develop an adapted Ul design and to implement it in a prototypical appli-

cation, requirements are formulated, that aim for good user experience.

3.1 Fundamental Requirements

A satisfying user experience is tightly coupled with user friendliness and reliability of
an application. In order to incorporate these aspects in a Ul design, requirements have
been compiled, which are of special importance for a smartphone Ul:

Device Orientation. Unlike tablets, which are primarily used in landscape orienta-
tion, for smartphones portrait orientation is the more common one [11]. This is es-
pecially due to its allowance for one hand operation. Also there is higher relevance
of device orientation due to the larger aspect ratio of the screen, resulting in a bigger
difference in field of view when viewing a 3D scene. A smartphone Ul therefore has
to adapt to frequent changes in device orientation, since users tend to change it de-
pending on the displayed content and situations requiring one-hand operation.
Restricted Screen Zones. Smartphones include a variety of sensors, like cameras
and brightness sensors, which are necessarily placed at the front of the device facing
the user, e.g. to perform video calls. Many devices have display notches that inte-
grate the sensors but make parts of the screen resolution invisible. On top of that the
native operation systems of smartphones reserve other restricted areas to place con-
trols such as a virtual home menu buttons. A smartphone Ul therefore has to take
into account both of these restricted screen zones.

Information Access. The Ul should allow easy and fast access to any information
and functionality and therefore require the least possible amount of interactions. This
can be challenging. A multi-level dropdown menu is an example for a common Ul
element, which requires little screen space, but tends to obstruct the information it is
linked to, because it requires multiple inputs for information at a deeper menu level.
Predictability. The Ul should give the user the feeling of being in control by having
a predictable, i.e. reproducible behavior. Automatic Ul reactions should be kept at a
minimum and should be simple enough for the user to understand. A menu that au-
tomatically sorts itself based on the elements a user often uses, might appear helpful
in the first place, but it is not very predictable since the user will find himself in
situations where buttons changed positions, resulting in a feeling of uncertainty.
Intuitive Interactions and Layout. Smartphone operating systems have basic de-
sign guidelines for their target device which foster intuitive use, e.g. size of interac-
tion items like buttons should be suitable to be reliably clicked without misses. An-
other aspect of these guidelines requires, that the Ul layout should be organized in a
fixed grid, so the user can easily internalize it.

User Focus. The limited screen size of smartphones can lead to unavoidable con-
flicts about which areas of the Ul should be in focus and therefore use more screen
space. The Ul should support the user in establishing focus by allowing him to max-
imize certain areas of interest and minimize others. Where possible the Ul can taking
control over this automatically under consideration of aforementioned predictability.



3.2 Design of the User Interface

These fundamental requirements have been taken into account to create a prototype
optimized for smartphones. The underlying design activities and decisions can be con-
solidated into three main activities.

Streamlining the Ul. Many common smartphones have space-limiting notches at the
top of the screen. However, the two 3D mode control buttons fit in this area (1) as
shown in Figure 2 a), where they are quickly accessible, but hardly pressed accidentally.
The majority of buttons for controlling module visibility can be combined in a single
menu strip large enough to view a reasonable number of buttons in parallel (2). It allows
to access further menu items by horizontal scrolling.

Additionally both 2D content areas of the tablet Ul can be combined into a single
one to substantially reduce the need for screen space (3). Since most modules are de-
signed to be used independently, the 2D content area can be restricted to only contain
one module at a time. Lastly the bottom control bar is resized to fit larger buttons, which
demand for less typing precision (4).
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Fig. 2. Ul of the smartphone-based IAR prototype

Adding User Control over the Layout. Reduction of the Ul to two content areas al-
ready increases clarity, but can be further improved by allowing the user to decide
which area to primarily work with. It leads to a reduction of the split-attention effect
[12], that the user experiences when using the 2D and 3D area simultaneously as shown
in Figure 2 a). Therefore the Ul is extended with controls to expand and minimize the
2D area, hiding or expanding the 3D visualization area as a result (see Fig. 2 b).



If the smartphone’s orientation changes from vertical to horizontal, the user interface
automatically reacts by minimizing the 2D area and maximizing the 3D area to give the
user a greater field of view for AR and CAD mode.

Improving Interaction with Lists. Lists will automatically react to changing selection
in the 3D area by expanding items and scrolling to the relevant list entry (auto-scroll)
as shown in Figure 3. When using the search bar on top of a list (1), the 2D area is
automatically expanded to full screen (1*). Selecting a search result (2) also leads to
the aforementioned auto-scroll behavior (2*).
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Fig. 3. Optimized user interactions with lists (1, 2) by automatic Ul reactions (1*, 2*)

The Ul design has been implemented in a prototypical IAR application. In the fol-
lowing, the goal is to examine the resulting user experience in comparison with the
tablet-based prototype, which has been introduced in Sect. 2.2.

4 Comparative Study on User Experience

4.1  Methodology

To cover both task-related and task-independent aspects concerning the user experi-
ence, the proposed evaluation method combines three questionnaires. Participants per-
form different IAR related tasks with each device and then answer the questionnaires.



e The NASA Task Load Index (TLX) quantifies the overall workload of a person for
performing a task based on six individual factors measured on a 20-step scale [13].
It serves as a standardized questionnaire to evaluate whether the device type effects
the effort to achieve certain tasks performed with a designated software prototype.

e The User Experience Questionnaire (UEQ) captures the overall impression of a user
interacting with a software [14]. This is represented by six different scales, which
are assigned to two categories of either pragmatic, i.e. task-related, or hedonic, i.e.
task-independent, quality aspects. The focus on user satisfaction, effectivity and ef-
ficiency is a difference to questionnaires that are orienting on norms like 1SO
9241/110-S, which mainly emphasize the latter two aspects.

e An additional self-developed custom questionnaire is used to retrieve information
about the user’s device usage in private and professional context, his or her general
device preferences and previous experience with 1AR.

4.2 Results of a Preliminary Test

The evaluation method was tested on a group of three workmen in ETO industry in
order to find out whether it is suitable and can be later applied on a larger group.

Results of the pre-test are of course not representative but deliver a helpful first in-
dication about user experience of the smartphone prototype in direct comparison with
the tablet prototype and needs for adjustment of the evaluation method. Based on the
pre-test, the following relevant differences between the devices that affect the evalua-
tion design can been found. Participants which prefer the smartphone-based IAR pro-
totype often reason their decision on the compactness and form factor of the device or
existing practice and habit. The evaluation design should take into account this disturb-
ance factor by using a blocking concept, which separates experienced users from unex-
perienced ones for each device type.

In this pre-test participants were more satisfied with their task results on smartphones
than on tablets. This might be explained with a higher amount of practice with
smartphones and emphasizes the aforementioned measure. It also depends on the order
in which the devices are used to perform the tasks, as this implies a disruptive factor
due to a training effect on the task execution when the other type of device is used to
repeat the task. In order to reduce this interference, the starting device type must also
be taken into account when blocking.

5 Outlook

The presented IAR prototype presented in this paper is the foundation for process-re-
lated research on the use of smartphones as an IAR device for ETO industry. The pre-
tested study allows to compare devices in terms of the user experience and is intended
to be used on a larger scale in future research. The measurement of user experience
aims at determining the device that mostly satisfies workers’ needs.

However, an additional productivity analysis of both devices in a laboratory envi-
ronment would enable to also take into account the economic impact to a company.
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