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Abstract

In this paper, we present morphology-based step region extraction and regularized iterative point-spread-function (PSF)
estimation methods. The proposed PSF estimation method uses canny edge detector to extract the edge of the input
image., We extract feasible vertical and horizontal edges using morphology analysis, such as the hit-or-miss fransform.
Given extracted edges we estimate the optimal step-response using flattening and normalization processes. The PSF is
finally characterized by solving the equation which relates the optimal step response and the 2D isotropic PSF. We shows
the restored image by the estimated PSF. The proposed algorithm can be applied a fully digital auto-focusing system
without using mechanical focusing parts.
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extracted edge map by using Canny edge
detector, and (c) vertical and horizontal edges

by Hit-or-Miss transformation.
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An example of the extracted step response.
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Fig. 9. (@} The 768X 512 Well-focused image, (b) PSF of radius 7 (c) blurred image by simulation, (d) the edge
classification result, (e} vertical and horizontal edges by Hit-or-Miss transformation, (f) 1D step response exiracting
from (e}, (g) the estimated 2D PSF, and (h) the restored image.
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Fig. 10. (a) Original image, (b) Out-of-focus biur image, (c) restoration image, (d) cropped image of ship region of (a), (e)
cropped image of ship region of (b), (f) cropped image of ship region of (c), (g) cropped image of bridge region
of (a), (h) cropped image of bridge region of (b), and (i) cropped image of bridge region of (c).

047%1 Mx N& 949 32718 vehic, 28 10(), 28 10(c)9] Hf ek A gde &
AdE Ao s EHS Y 2 10(g), 28 10(h), 1

100b), 78 10(0)
e dake e,

= I
US FUF B FHS Uik £, 9
i
U
3
a9 118 A 230] & we Avge 29T

(749)



2000H 1138 HX3585 =2A M 46 # SPH H 6 & 33

off & Afoded

sl A4

Fig. 11. (a) out-of-focus blur image, (b) cropped image of (@), (c) the restored image by the proposed image, (d) cropped
image of (c}, () out-of-focus biur image, {f) cropped image of (e), (g) the restored image by the proposed image,
and (h) cropped image of (g).
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