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Dense 3D Reconstruction with an Uncalibrated Stereo System
Using Coded Structured Light

HIirOSHI KAWASAKI,* YUTAKA OHSAWA," RYO FURUKAWA't
and YASUAKI NAKAMURATt

In this paper, we describe a new active stereo vision system using coded structured light.
Generally, a 3D measurement system based on coded structured light consists of a cam-
era and a projector, and both intrinsic and extrinsic parameters of these devices should be
precalibrated. Self-calibration capability of camera-projector system will eliminate the pre-
calibration process and greatly improve its convenience and practicality. To achieve this, we
propose an original self-calibration method, which can be understood as a camera-to-camera
self-calibration method with one camera replaced by a projector. The proposed method is
based on epipolar constraints, and there is no limitations for shapes of objects (ex., planer ob-
ject) or camera models (ex., affine camera). 3D shapes can be directly recovered in Euclidean
space. We also propose a simultaneous 3D reconstruction method which utilizes all captured
stereo pairs to increase the accuracy of 3D estimation. Further, we propose a simple solu-
tion to remove ambiguity of scaling by attaching a laser pointer to the projector, which is
important for the practical use of 3D reconstructions.
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02 0DOoooOoooooooo
Table 2 An example of estimated angles between planes.
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ACOOO 89.95° 90.23° 90.17° 90.06"
BCOOO 89.87" 90.99° 89.88" 90.56°
ABOOO 90.39° 92.09° 90.07° 91.33°
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Table 3 Statistical information of estimations of planes.
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Fig.7 Comparisons between results of the proposed

method and a conventional 3D digitizer: (Left) The
registered 3D meshes. The brighter mesh is the re-
sult of the conventional 3D digitizer and the darker
mesh is the result of the proposed method. (Upper
right) An appearance of the target object. (Middle
right, Lower right) Cross sections of the face part of
the registered 3D meshes.
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Fig.8 Examples of the scanned objects: (a)(b) an or-
namental bottle, (c)(d)(e)(f) a china figurine,
(g)(h) a helmet.
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Fig.9 Scanning a intricate scene from various view direc-

tions: (a) the scanned point set with the first cam-
era position, (b) the scanned point set with the sec-
ond camera position, (c) the integrated point set,
and (d) the integrated point set shown from the top.
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