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This thesis proposes and evaluates the effectiveness of visualization techniques for an augmented reality
(AR) - based context—aware assembly support system in object assembly. In assembly support systems using
AR, visualization techniques of guidance information have a very important role because they affect
directly to users perception, task performance accuracy and mental workload. Although many AR-based
assembly support systems have been proposed, few keep track of the assembly status in real—-time and
automatically recognize error and completion states at each step. Naturally, visualization techniques and
their effectiveness for such context—aware systems remain unexplored.

Our test-bed system was built in the context of building block (LEGO) assembly that can automatically
recognize assembly status, detect assembly errors and display

context—aware guidance information corresponding to the recognized assembly status. It also helps users
correct errors quickly and finish assembly tasks correctly

In our first evaluation, we compared the performance of the test—bed system in different AR visualization
modes proposed with a traditional assembly instruction style — paper manual in assembly tasks.
Experimental results show that although subjects took longer to complete the assembly tasks with the
test—bed system, accuracy was dramatically improved and subjects also felt that the visualization modes
proposed were easier to understand and more useful than the traditional assembly style with a paper
manual.

In our second evaluation, based on feedbacks in the first evaluation, we proposed some new forms of the
traditional AR visualization mode — Overlay mode and evaluated them in assembly tasks. We found a
visualization mode (partial-wireframe overlay mode), which has guidance information and the topmost layer
of the virtual model rendered directly overlaying on the real model, had better user preference as well
as efficiency of assembly tasks

We conducted the third evaluation to explore effectiveness of two modes: one is the best visualization
mode proposed in the first evaluation (the side-by—-side mode) and the second one is the mode we found in
the second evaluation (the partial-wireframe overlay mode). Our experimental results indicate that the
first mode outperforms the second one under moderate registration accuracy and marker—-based tracking

Although the side-by—side mode has good performance and user preference, it is not alway available due to
limits of object-stabilized visualization styles specifically under the context we concern in this study
with big size of assembling models and narrow field—of-view head mounted displays (HMDs). In the last
evaluation, we proposed and evaluated the effectiveness of hybrid object— and screen—stabilized
visualization techniques as a solution for the limits with the object—stabilized visualization styles.
Our experimental results indicate one of the two hybrid object— and screen—stabilized visualization modes
proposed that shows virtual target status of real assembling objects at a fixed position on the HMD
screen with real-time pose updated has the best performance and user preferences under the context
considered in this study

Our experiments showed that the visualization techniques proposed in this thesis helped users to have a
better perception about assembly tasks, increase task performance accuracy and reduce mental workload. We
believe that our results provide useful insight into the design of visualization techniques for AR-based
assembly support systems under moderate registration accuracy and marker—based tracking context
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