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Measurement of Three Dimensional Objects Using Gray Code Projection (2nd Report)
— Improvement of Reliability of Space Encoding Methed

Hidemitsu ASANO, Sonko GAWA, Ryoshu ERUTANI,
Kiyoshi TAKAMASU, Shigeo @QONO and Akio LEKAWA

In three dimensional measurement system using the gray code projection, this paper proposes the technique for improving the
reliability of the space encoding method. This space encoding method can measure the object under the illumination, the colored
surface of object. The measurement space is encoded to 256 spaces by four gray level patterns. These patterns are projected by
liquid crystal color projector, and are taken by CCD camera. When measurement area is ¥6Q3mm, measurement
accuracy of this system is 1 mm, and the standard deviation is 0.41 mm in the horizontal cross-section, 0.34 mm in the vertical
cross-section. It is shown that this method can measure colored object, by measuring the colored plaster figure in the dark and
under the illumination.

Key words: three dimensional measurement, gray code projection, profile measurement, time sequential space encoding
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Fig.1  Comparing coded images with 4 reference images
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Fig. 2  Encoding coded image using 4 reference images

Table 1  Number of projection by old and new methods

gray old/new no. of encoded space
level method 256 512 1024 2048 4096

2 old 10 11 12 13 14
2 new 9-10 10-11 11-12 12-13 13-14
4 old 6 7 7 8 8
4 new 7-8 8-9 8-9 9-10 9-10
8 old 5 5 6 6 6
8 new 10-11 10-11 11-12 11-12 11-12
Ref e3 A : measurable

- B, C : not measurable
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Fig. 3  Detection of not measurable areas B and C
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Fig. 4  Block diagram of measurement system using gray code projection
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Experimental setup of optical system
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(@) Measured Z value of a plane (in the dark)
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Fig. 6 Measured result of a plane in XZ plane
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(b) Measured Z value of a cylinder (under the illumination)

Fig. 7  Measurement result of a cylinder in XZ plane.
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(b) Measurement result by new method (b) Measurement result by new method

Fig. 10  Measurement result of plaster figure (in the dark) Fig. 11  Measurement result of plaster figure (linchémation)
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