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Research of 3-D image measurement based on pattern projection techniques
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Three-dimensional (3D) image measurement has recently become a widely
researched topic in areas such as industry, medicine, and security, because such
measurement allows for the rapid and contact-free examination of the surface
properties and dimensions of various objects. 3D image measurement methods can be
divided into two major types: passive methods, such as stereo vision; and active
methods, such as pattern projection. This study focuses on measurement method
based on the intensity-modulated pattern projection technique, which can be used to
measure objects without distinguishing characteristics, and parts not only contours
but also without distinguishing characteristics.

Existing measurement techniques based on the intensity-modulated pattern
projection allow for prepared objects with a simple distribution of color on their
surface to be measured with a single projection of a light pattern and a single capture




of the reflection pattern image. However, if the distribution of color on an object’s
surface is complex, an additional full-illumination image must be taken separately
from the projected pattern image in order to eliminate the influence of the surface
color distribution. In other words, one pattern projection and two image captures
must be performed, which is difficult when measuring a moving object.

To resolve this problem, in this study we propose a 3D image measurement method
based on the intensity-modulated pattern projection, which requires a single pattern
projection and a single image capture, and that can be applied even to objects with a
complex distribution of surface color. More specifically, in the proposed method, a
full-illumination image is generated from the pattern image and subsequently used
to correct the latter, thus allowing for 3D image measurement to be performed.

This paper consists of five sections.

In Section 1, the background of this research is explained, the characteristics of the
3D image measurement method and the associated problems are examined, and the
goals of this research are outlined.

Section 2 presents the fundamentals of the 3D image measurement method based on
intensity-modulated pattern projection technique. Moreover, a method for division
correction of stripe intensity is also explained which utilizes the projected pattern
image and the full-illumination image, because that method is essential in measuring
objects with a complex distribution of surface color intensity. The problems regarding
division correction are also clarified in this section.

Section 3 explains the principle behind the proposed method, specifically the color
system, the division of the observed pattern image into domains, the generation of
full-illumination image for intensity correction, the intensity correction of the pattern
images and the detection of stripe patterns.

The experimental method used for verifying the effectiveness of the proposed
technique is presented in Section 4 together with the experimental results and a
discussion.

Finally, Section 5 presents a summary of the method proposed in this study as well
as of the experimental results, and outlines issues to be addressed in future research.
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