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Augmented Reality (AR) means the combination of real world and virtual
objects that are registered in 3D and can be interacted in real-time. Handheld AR
(HAR) refers to AR on handheld devices such as smartphones or tablet computers.
Handhelds are affordable and provide easy means for information input and
sharing. Thus, they have the potential to enable wide adaptation of AR. However,
unlike AR in general, HAR is often not considered useful in goal-oriented tasks due
to insufficient utility and usability. ,

In this thesis, we investigate the usefulness of HAR in inspection tasks. The
essential part of these tasks is the inspection of targets in a workpiece via visual
‘observation based on the information provided by a checklist. Adding information to
a checklist is often also necessary. While conducting an inspection, users have to
divide their attention between the checklist and the workpiece. With AR, we can
reduce the workload and divided attention in inspection tasks by directly overlaying
information from a checklist to a workpiece. Furthermore, handhelds enable us to
can easily add information to a checklist and share it with other users.

Usefulness is a combination of utility and usability. In order for HAR to be
consider useful in inspection, we have to confirm if HAR enables proper
functionalify for positioning virtual annotations accurately to a workpiece (utility).
We also need to evaluate if HAR provides any benefits (usability) compare to
non-AR interfaces in visual observation tasks. We have applied Simultaneous
Localization and Mapping (SLAM) based HAR prototypes to tasks that focus on 3D
positioning of virtual annotations and to visual observation of the real world. We
have conducted total of four user studies: two studies focus on 3D positioning and
two to visual observation tasks. '

This doctoral thesis has two main contributions: Firstly, we are the first to
evaluate a ray-casting based AR 3D positioning method against a conventional
device-centric method. We have confirmed the higher efficiency of a ray casting
based method. Secondly, we are the first to apply HAR to complex visual
observation tasks that require movement and viewpoint alignment. We have proven
AR's higher efficiency over a non-AR picture interface. Even though we focus only
on SLAM-based HAR, our findings can be applied to other types of AR systems as
well.
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