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Abstract The 3D display using light diffusion within 3-dimensionally positioned mi-
cro voids processed in a crystal glass cuboid is able to present 3D objects which can be
observed by naked eye. In order to successfully present 3D objects, the projection must
be adjusted precisely for each individual micro void by investigating the correspondence
between each projector pixel and micro voids. In this research, hence, calibration meth-
ods which can perform such adjustment automatically were developed, namely; Pixel-
Scan Method, Line-Scan Method and Structured-Light Method. Line-Scan Method and
Structured-Light Method were developed in aim of shortening the processing time of the
calibration. Subjective experiment was conducted in order to evaluate the calibration
methods. The results show that Structured-Light Method is faster in processing time
but degraded in quality for the presented images. However, despite Line-Scan Method
being faster than Pixel-Scan Method, the degradation of the presented images was minor.
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Fig.1 Schematic View of the Display.
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Fig.2 Arrangement of Markers for Calibra-
tion.
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play Device (right).
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Table 1 Specification of Laser Projector.

PicoPro

Product Name

Resolution 1920x 720 [pixel]

Brightness 32 [ANSI Lumens]
Refresh Rate 60 [Hz]
Color Depth RGB 24 [bit]
Throw Ratio 1.3
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Fig.4 Schematic View of Apparatus for Cal-
ibration.

Glass Cuboid

Voids
Processed Area

Projector

5 Pixel-Scan JEIZ B 1F 5 L — PN IEETHIE
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Fig.9 Virtual Image Generation for Structured-Light Method Calibration
(when the projector with 1280 pixels width is used).
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Table 2 Specification of Camera Used in Cal-

ibration.
Model Number MQO013CG-E2
Pixel Size 5.3%5.3 [pm]
Sensor Size  1/1.8” (Diagonal 8.7 [mm)])
Resolution 1280%x1024 [pixel]
Focal Length 12 [mm]
F-Number 1.4
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Table 3 Required Time and Concordance Rate of Calibration Methods.

Pixel-Scan Method Line-Scan Method Structured-Light Method

Calibration Time 10.2[h] 392[sec] 236[sec]
Concordance Rate — 95.20 % 92.85 %
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Fig. 11 Protocol of the experiment

Hemisphere Sphere Cube Cuboid Cylinder

Pyramid Cone Regular Regular Spheroid
Tetrahedron Octahedron
1. Cuboid 11. Cuboid 21. Cube
2. Pyramid 12. Regular octahedron 22. Hemisphere
3. Regular octahedron 13. Hemisphere 23. Pyramid
4. Cylinder 14. Spheroid 24. Cone
5. Sphere 15. Cube 25. Cylinder
6. Cone 16. Cuboid 26. Cuboid
7. Hemisphere 17. Cone 27. Regular Tetrahedron
8. Regular Tetrahedron 18. Sphere 28. Spheroid
9. Spheroid 19. Cylinder 29. Regular octahedron

10. Cube 20. Regular Tetrahedron ~ 30. Sphere
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Fig.12 3D contents for demonstration and
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Pixel Scan Method

Line Scan Method

Structured Light Method
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(i 50[mm])

Fig.13 Differences of Displayed Images Due
to the Calibration Method (width:
50[mm]).
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Fig. 14 Percentage of Correct Answers in
Shape Recognition Experiment.
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