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In materials science, meaningful and intuitive visualization and interaction are of utmost importance for the detailed analysis and
characterization of complex material systems through non-destructive testing (NDT) data. For such analyses, conventional desktop
based visual analysis enables material experts to analyze information from original data and derived characteristics as well as
material properties in detail. In contrast, virtual reality allows to understand inherent spatial structures in natural three dimensional
representations. Through augmented reality it is possible to perform analyses on the physical object, rendering additional spatial
or abstract data. In this work we lay out the advantages of a combination of analysis techniques along the reality-virtuality (RV)
continuum for collaborative material analysis of NDT data. We shed light on our ongoing studies in terms of cross virtuality analytics
in this area, which is projected to offer a large potential for material analysis, quality control and metrology of novel material systems
and components. The combination of methods along the reality-virtuality (RV) continuum will facilitate a comprehensive collaborative
analysis of materials, which allows for novel in depth insights in this field.
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INTRODUCTION

The digitization of industrial production (Industry 4.0) enables smart manufacturing through the visualization of
interactive and contextual information [5, 10]. In this context non-destructive testing (NDT) plays an essential role for
quality control in the area of material and component testing. Especially for novel, highly complex material systems,
e.g. fiber reinforced composites, detailed analyses, visualization and optimization are crucial in order to tailor materials
to their respective applications. Such materials are required for various industries as healthcare, automotive, aerospace,
agriculture, construction and others. To investigate composite materials for defect detection or accurately characterizing
internal micro structures, ultrasonic testing (UT), active thermography (IR) or X-ray computed tomography (XCT) are
currently used for imaging [4]. In addition to 2D data, the generated primary NDT data often includes 3D volumetric
images, spatiotemporal data, or even segmentation masks and label images. Frequently, quantitative secondary data is
derived from the original data forming high-dimensional data spaces of attributes computed from objects of interest. We
refer such ensemble data as "rich" NDT data. Due to the heterogeneity of rich NDT data, such data cannot be evaluated
on desktop monitors using standard 2D visualization techniques, or only to a limited extent [6, Chapter 1] [3]. By
utilizing and combining different technologies along the reality-virtuality (RV) continuum, previously unimaginable
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Transitional Interfaces in Mixed and Cross-Reality: A new frontier?

Fig. 1. Complexity vs. benefits in material analysis from reality to visual analytics and collaborative analytics.

insights will become possible for fully integrated visual analysis techniques [4]. In this work, we thus investigate
design considerations as well as their impact on (desktop based) visual analytics (VA), immersive analytics (IA), and
collaborative analytics on the application area of analyzing composite materials using X-ray computed tomography
data. The scope of our research in the field of materials science is highlighted in yellow in Figure 1.
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DESIGN CONSIDERATIONS

Novel tools for the visual analysis and exploration of materials using rich NDT data typically require a design study. An
efficient way for structuring design studies in problem-driven visualization research is the methodology of Sedlmair et
al. [7]. In their methodology, the core phase integrates discovering, designing, implementing, and deploying respective
techniques, for which we have identified eight design considerations, which are an extension from Gall et al. [3] to
be addressed along the RV continuum (Table 1). First, material systems strongly vary in their structures and their
characteristics. So, the size of rich NDT data may change significantly. As respective visualization techniques on devices
along the RV continuum are facing different limitations in terms of rendering capabilities, the visual metaphors must
be carefully selected to allow for smooth and interactive use and presentation (D1). Each technology along the RV
continuum enables distinct interactions to facilitate efficient, consistent and native exploration of the data. When
exploring rich NDT data in a collaborative manner along the continuum, a consistent but native experience of the data
Table 1. Design considerations for the analysis of rich NDT data across the RV continuum
D1
D2
D3
D4

Allow for scalability
Avoid controls and manual mode switching
Facilitate smooth transitions to native interfaces
Offer Versatility

D5
D6
D7
D8
2

Avoid unjustified nD representations
Facilitate office work
Provide ready-to-use tools
Limit to the essentials
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needs to be facilitated (D2). Consequently, transitional interfaces will get into focus for data exploration along the
RV continuum. In this case, depending on the current step on the RV continuum (2D, AR, AV, VR) the visualization
tools must provide the user(s) with a natural and fluid transition between suitable interfaces tailored to the respective
step in the continuum (D3). For material characterization, typically different views of the data are required to verify
existing hypotheses or to form new ones. Systems should therefore be able to highlight different aspects of the data.
The combination of different technologies along the RV continuum enables a supportive effect, not only by offering
different visual metaphors but also by a different perception of the data (D4). Since each technology can illustrate
different aspects of the data in a more natural way, visualization techniques in appropriate dimensions according to
the RV step should be chosen (D5). As these systems are designed to be used in real work environments, they need
to be adapted to the user’s workflow. Interactions and representations have to be adapted to small offices spaces as
well as to seated positions [1] (D6). To support expert workflows and provide an intuitive exploration experience in
immersive environments, visualization and interaction techniques should be available at all times and displayed within
arm’s reach (D7). In 2D desktop applications, it is common for the expert to juxtapose multiple windows. In immersive
environments however, this can lead to less immersion and increasing task complexity, which is why the focus should
usually be on a primary representation that guides through the exploration (D8).
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MATERIAL ANALYSIS ACROSS THE REALITY-VIRTUALITY CONTINUUM

In the RV continuum, the used technologies, as well as their visualization and interaction methods, feature individual
benefits regarding the analysis of materials. In reference to Figure 1, we focus in the following aspects of materials
analysis.

Fig. 2. Material Analytics: Conventional desktop based system (A), mock-up of an AR system (B), VR based system (C), collaborative
analysis of a VR user and a desktop system user (D)
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Visual Analytics

The (desktop based) visual analytics stage addresses the analysis of materials using numerical results and 2D representations. The advantages of desktop-based systems can be found in a better readability of text results and fine details as
well as in the input of parameters via keyboards. The use of mouse and keyboard in combination with familiar diagrams
also leads to a low learning curve for the users. A representative example of this category is found in modules such as
PorosityAnalyzer [8] (see Figure 2 A) implemented in our tool open_iA [2].
3.2

Immersive Analytics

Since the inherent spatial structures of materials cannot be efficiently explored in 2D, we use immersive visualization
and interaction techniques in combination with VR and AR devices in the immersive analytics stage (see Figure 2 B &
C).
3.2.1 Augmented Reality (AR). The use of AR offers material experts a possibility to examine the materials on site. Using
AR head-mounted displays (HMD), visual metaphors can be integrated into the real-world and a natural collaboration can
take place. Such situated analytics [6, Chapter 7] augments the real-world with additional context-specific information
and the users do not have to split their attention between the physical objects and the virtual representation. An
indicative example of this type of analysis is shown as conceptual study in Figure 2 B.
3.2.2 Virtual Reality (VR). The use of VR facilitates a deeper analysis of the data by providing an enhanced perception
of spatial data as well as a more natural interaction through spatial navigation using body movements and head
tracking. To analyze material data in VR, we use our visualization system ImNDT [3]. The tool offers material experts
an immersive exploration of multidimensional secondary data of fiber-reinforced polymers (FRPs) through visual
metaphors and interaction techniques in an immersive workspace (see Figure 2 C).
3.2.3 Collaborative Analytics. To enable a comprehensive analysis of materials, the combination of methods along
the RV continuum is essential. The collaboration between the interfaces through natural and smooth transitions and
the change of viewpoint between them enables to exploit the specific advantages of the different devices. This allows
standard WIMP techniques (windows, icons, menus, and pointers) to be used on the desktop to accurately and quickly
select parameters, to realize AR interaction with the physical objects on site, and to achieve natural three-dimensional
interaction and the feeling of presence in VR. An example of cooperation between material analysis system in VR
(ImNDT system [3]) and desktop-based (FiberScout system [9]) is shown in Figure 2 D.
4

CONCLUSION

In this work we have presented design considerations and initial ideas for novel cross virtuality analytics systems in
the materials science domain. We expect future systems to gradually move towards cross-device analytics, realizing
collaborative analyses and featuring intuitive transitional interfaces along the RV continuum. Our goal with this work
is to elicit feedback on our concepts, to find out where our materials science specific design considerations overlap with
generally established rules, and where we have encountered issues specific to the material science domain.
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