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ABSTRACT

We have developed a prototype system to support the repair and assembly of mechanical watches using smart
glasses with AR functions. The proposed system displays a translucent image from a stereo camera in the center of the
screen of smart glasses. By shooting small parts at hand with a stereo camera, the operator can see the surrounding
scenery through the glasses and a magnified 3D image in the center of the screen at the same time. To evaluate the
effectiveness of the proposed system, some fundamental experiments were conducted. Several subjects first performed
a handling task of very small screws with the naked eye, with a binocular stereomicroscope, and with the developed
system using binocular stereomicroscope images in order to investigate technical issues. We also conducted experiments
using two smart glasses, an old system with a larger video delay and a new system with a smaller video delay. As a
result, it is revealed that both the work efficiency and the stereoscopic effect decrease if video delay occurs in the
magnified image. It is also revealed that it is difficult to feel the sense of distance by the smart glass systems because
the actual scenery and the magnified image which subjects can see at the same time represent spaces with different
scales. Finally, it is investigated how the stereoscopic effect changes by changing the convergence angle from 12° to
20° in order to obtain a guideline for determining the convergence angle of the small cameras whose sizes fit a hand. As
a result, the contradictory results were obtained that the subject's sensitivity in the depth direction was high when the
optical axis of the camera was about 12°, while the subjective stereoscopic effect was highest when it was 20°. It is

necessary to consider the way to use the system to determine the convergence angle.
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Fig. 3 Procedure for creating SideBySide image.

The resolution of the captured images in this figure is that of System 2.
On System 1, the resolution is 2592px x 1944px.
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Table 1  Specifications of prototype systems.

SmartGrasses| . D|sp|ay Microscope Camera . Input. Frame rate |System delay
Image siZe Image siZe
2592x1944 px
System1 MOVERIO 1920%1080 \S7.405 DN3V-500 QSXGA 15 fps 310 ms
Systemz | ° 0E FHD DN3v-13o | 1280X1024px | g ¢ 140
ystem - SXGA ps ms
A= TRZR/RTHETIZ 100 ms DIEFEA ——
ystem
FAETD. T, VAT A1 T PC TOALEIZ 180
30 ms:; PC 100 ms Smart
s — N L C .
ms ZBEL TV, VAT A 2 Tl a7 o 180 ms glasses

System2

10 ms DFBILFEAENTHE F- TN,
32 EEBRAE %
=ms pc | 199ms [Tgman
K%Sﬁf@i, ryﬁlﬂ:ﬁ 15 mm %é 8 mm @E%%&:]\ Camera 10 ms glasses
S TWAREM T F /R (M0.7, 2286 0.85
mm)%, 10 mm BEAL7BID A XDEZRIE &

Fig. 4 Details of time delay in the system.
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Fig. 5 Subjective evaluation of usability for experimental systems.
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Table 2 Average number of handled parts and percentage of success (system1).

f[pcs/min] p[%]

(a) Without support tools 14.1 50.8
(b) Use stereo-microscope 95 69.8
(c) Use assembly support system 6.2 50.4
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Fig. 6 Results of the subjective evaluation of the experiment (system1).
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Table 3 Average number of handled parts and percentage of success (system2).

f[pes/min] p[%]

(a) Without support tools 27.7 66.5
(b) Use stereo-microscope 26.8 66.9
(c) Use assembly support system 21.3 69.2
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Fig. 7 Results of the subjective evaluation of the experiment (system?2).
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