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Focus Sweep Imaging for Depth From Defocus

SHUHEI MATSUI, ! HAJIME NAGAHARA !
and RIN-ICHIRO TANIGUCHI!

Depth From Defocus (DFD) is to recover a scene depth from defocus appearances in im-
ages. DFD usually uses two different focus images, one is near focus and the other is far
focus, and estimates the size of depth blur from the captured images. However, the depth
estimation is not so accurate, since a point spread function (PSF) caused by regular circular
aperture moderately changes the size or shape along the depth. In recent years, coded aper-
ture technique, that uses special pattern as an aperture for engineering the PSF, has been
used for improving the accuracy. It is often required for recovering an all in focus image
as well as the depth estimation in DFD applications. Coded aperture has an disadvantage
in terms of image deblurring, since the deblurring requires higher SNR of captured im-
ages. The aperture always attenuates an incoming light for controlling PSF and decreases
an input image SNR as a result. In this paper, we propose a new DFD approach for DFD

that uses focus changes during an image integration time for engineering the PSF. We can
capture higher SNR input images, since we can control the PSF with wide aperture setting
unlike coded aperture. We confirmed the effectiveness of the method in comparison with
the previous DFD and coded aperture approached in experiments.
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Table 1 Relation between object depth and focus position

Objectdepth :w[mm] | 2000.0 803.1 5246 390.7 312.1 260.3 223.6 1963 175.1 158.2
Focus position :v[mm] 9.04 9.10 9.15 9.21 9.26 9.32 9.37 9.43 9.48 9.54
Object depth  :u[mm] 144.5 133.1 1234 1151 108.0  101.8 96.2 91.4 87.0 83.0
Focus position :v[mm] 9.59 9.65 9.70 9.76 9.81 9.87 9.92 9.98 10.03 10.09
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Fig.5 Error map of deblurred image
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Table 2 Depth and deblurring error

DepthMap(RMS) Texture(PSNR)

Conventional DFD 26.98 30.21[dB]
Coded aperture pair 2591 32.24[dB]
Half sweep 7.81 39.98[dB]
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Fig.6 Simulated half sweep imaging from focal stack
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Fig.7 Experimental results of real scene
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