Camera arrangement optimization for a multiview system based on correspondence field for 3D
surface measurement

Three dimensional systems are primary focus of ongoing research in computer vision. In most of the
3D systems, inputs are 2 dimensional digital images captured by charge coupled devices (CCD). The
intersection of the ray that passes from a point in the 3D worldthrough the camera center with the
image plane defines where the image of that point lies. During this process, depth information is
lost. Having, at least two images from different points of view with geometrical constraints on them,
it is possible to recover the lost depth information. Theoretically, 3D location of the point is at the
intersection of two rays from the camera centers passing through the center of left and right
corresponding pixels. However, in practice, design of a 3D system typically involves a range of
performance trade-offs and depending on the application, different system parameters and camera
setups may be required. In such systems the depth calculation is always associated with certain level
of uncertainty. This uncertainty mainly arises from two sources, correspondence matching error and
camera arrangement. Most researches have focused on the former case, where recovering the best
possible reconstruction from given input data is of primary concern while the latter case has not
been considered as it deserves, despite its importance. In many cases, there is the possibility of
steering the acquisition process. In the current work, we will propose a mathematical framework of
sampling space which provides a general conception of how different parameters of system alter the
configuration of iso-disparity layers in the stereo FoV. According to this, we will extract the exact
relations of iso-disparity layers with respect to camera parameters and stereo configuration. The
mathematical model of iso-disparity map provides an efficient way of estimating the depth
estimation uncertainty which is related to the baseline, focal length, panning angle and the pixel
resolution. Lacking ground truth or any priori information, a measure of uncertainty is the only
criterion to assess the quality of reconstruction. Accordingly, we present analytical relations for fast
estimating the embedded uncertainty in depth acquisition. These relations, along with the 3D
sampling arrangement is employed to define a cost function. The optimal camera arrangement will
be extracted by minimizing the cost function with respect to the system parameters and the given
constraints. Finally, the proposed algorithm is implemented on 3D models. The simulation results
demonstrate significant improvement in the achieved depth map in comparison with the traditional
rectified camera setup.
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