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3D Plenoptic Imaging Technology for in-situ
Inspection of Industrial Manufacturing
Processes
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Light field contains planar positions and directions of light, which can record and reconstruct
3D shape of targets. Architecture of plenoptic imaging systems, design principals of optical
systems, and methods of depth estimation and 3D image reconstruction are introduced. Compared
with popular 3D optical inspection technologies, plenoptic imaging technologies are relatively
simple, economical, and fast. However, estimated depths are inaccurate in certain lighting
environments. Experimental results of PCIE PINs show that estimated depths are noisy with
nonuniform lighting. A simulation environment is built from a plenoptic imaging system add-on
of Blender to simulate depth estimation with various lighting environments. Reflected images of
general light sources from surfaces of targets significantly decrease accuracy of estimated depths
of targets. When light sources are imaged on surfaces of targets, interference of light sources is
reduced. A lighting system including a ring light module and a coaxial light is proposed. The
coaxial light uses a uniform planar light source rather than a point light source, and is imaged on
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surfaces of targets by the first group of the main lens, which avoids interference on depth detection
and mechanical interference with the main lens. The ring light illuminates inclined structures on
surfaces of targets, and objects with side wall structures can be measured clearly. Nevertheless, to
measure characteristic scale or detect defects accurately, a customized light source according to
feature of targets is necessary, especially for detecting defects in 3D semiconductor packaging.
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