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3D shape evaluation of micro products using
computer vision techniques

HIDETADA SUEYASUT TAKASHI MAEKAWA'

We present a method to evaluate the shape of 3D micro objects with outer dimensions
about several hundred microns from multiple 2D images of an object taken from
different views. We combine the Shape-From-Silhouette (SFS) method and the
Shape-From-Focus (SFF) method to construct a voxel-based 3D model from multiple
images. In order to make the resulting model compatible with a commercial CAD/CAM
system, the voxel model is converted into a triangular mesh using the marching cubes
algorithm. As a final step, we evaluate the shape of reconstructed model by comparing it
with the original CAD model.
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Figure 1 (a) Data acquisition system and (b) Close-up view.
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Figure 2 (a) Image of the micro object taken by SEM and
(b) Various focus images of object in image(a).
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Result of SFF: (a) Reconstructed model viewed from camera center and
(b) Result from another viewpoint.

Figure 3
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Figure 4 Depth reference by projecting voxels onto an image plane.
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Figure 5 Flowchart of evaluation : (a) Image of the micro object taken by SEM,
(b) Reconstruction by SFF, (¢) Reconstruction by SFS, and
(d) Result of the integration of SFS and SFF.
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Table 1 Reconstructed results of our system.

Object Bloundmg box # of vertices | Emax[mm] | Emean[mm] En[%]
diagonal [mm]
@ 0.663 82314 0.0697 0.00426 0.642
@ 0463 79800 0.0297 0.00863 1.863
©) 0.604 110120 0.0435 0.00817 1.353
l +3%
I +0%

I-lO%

(a) (b)
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Figure 6  Reconstructed result of model 1: (a) Reconstructed result and
(b) Color-coded error.
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Figure 7 Reconstructed results of model 2: (a) Images of the model taken by SEM,
(b) Reconstructed results, and (c) Color-coded error.
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Reconstructed results of model 3: (a) Images of the model taken by SEM,
(b) Reconstructed results, and (c) Color-coded error.
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