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Programmable Aperture Camera

TAKUYA WATANABE,T! HAJIME NAGAHARA, 2
CHANGYIN ZHou,® HirosHI ISHIGUROT!
and SHREE K. NAvAr'3

It is well known that a camera aperture not only adjusts an image inten-
sity but also controls a point spread function (PSF). Coded aperture imaging
which uses a special pattern as an aperture attracted a lot of attentions in the
past years. There is a variety of aperture patterns has been proposed for vari-
ous applications including defocus deblurring, light field acquisition and depth
from defocus. The optimal patterns of the aperture are deeply depended on

applications or scene contexts, and some application requires to capture multi-
ple images with different patterns. However, many traditional coded aperture
implementations are difficult to change patterns since they requires to insert
a printed film or punched paper into a lens. Therefore, we propose a pro-
grammable aperture camera using a Liquid Crystal on Silicon (LCoS) which
realizes a high resolution, high light efficiency with video rate pattern. We also
demonstrated the prototype camera in three applications; defocus deblurring,
depth from defocus and light field acquisition, and confirmed the utility of the
camera.
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Fig.1 A variety of coded aperture patterns optimized for various applications.
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Fig.2 Programmable aperture camera using an LCoS device
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Fig.3 An equivalent optical diagram
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Table 1 Specification of the prototype camera
Image resolution 1280x 960 pixels
Aperture resolution 1280x 1024 pixels
Frame rate 25 fps
Minimum F-number 2.84
FOV (diagonal) 13.76° (25 mm Nikkon C-mount)
Actual aperture contrast 372:1
Light transmittance 16.49%
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Fig.8 Four multiplexing aperture codings and the corresponding captured images
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Fig.9 The reconstructed 4D light field
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Fig. 10 Pattern selection for defocus deblurring by using the programmable aperture camera
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