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Abstract

The Point Spread Function (PSF) of an image forming optical sys-
tem is determined by the parameters of the optical system and the
distance or depth of the object being imaged. In this paper we con-
sider the depth information in the PSF of the optical system deter-
mined by paraxial wave optics under quasi-monochromatic incoherent
illumination. The spread parameter of a PSF 1s defined as the standard
deviation of the distribution of the PSF. If o, is the spread parameter
of the PSF of a defocused optical system corresponding to an object
at distance w, then it is shown that y/o2 — 02 ~ mu~! + ¢ where
o2, m, and ¢ are constants determined by the parameters of the opti-
cal system. This relation is useful in determining the distance u of the
object using its defocused image. Usually, o, >> 0¢, and therefore
the linear relation o, &~ mu~! + ¢ is obtained between ¢, and 1/u.
In this paper, we also compare the PSFs determined by paraxial wave
optics and paraxial geometric optics.



1 Introduction

The defocus information in the image of an object formed by a camera
system can be used to determine the distance or depth of the object from
the camera system [9, 3, 12, 13, 14, 15]. Here we present some results on
the relation between a measure of defocus and the distance of the object.

The Point Spread Function (PSF) of an image forming optical system
is the image of a point light source object. The PSF depends both on the
parameters of the optical system and the distance or depth of the point
light source object from the optical system. Here we consider the depth
information contained in the PSF corresponding to a quasi-monochromatic
and incoherent point light source object. The angle 8 between the direction
of location of the point object and the optical axis is assumed small so that
the paraxial approximation sin 8 & 6 is acceptable.

We characterize a PSF in terms of a spread parameter defined as the
standard deviation of the distribution of the PSF. The spread parameter
of the PSF of an optical system is a minimum when the optical system
is perfectly focused. For defocused optical systems, the spread parameter
increases with increasing defocus.

Let o, and o, be the spread parameters of PSFs corresponding to de-
focused and focused cases respectively where the PSFs are determined by
paraxial wave optics. Further, let o, be the spread parameter of the PSF
for defocused case when the PSF is determined by paraxial geometric op-
tics. In this paper we show that o2 = Ug2 + o. Consequently, we show that
V02 — 02 ~ mu~!+c where u is the distance from the optical system of the
object being imaged, and, m and ¢ are constants determined by the param-
eters of the optical system. For a given optical system, oq is a constant and
is usually small (approximately 1.0) in comaprison with o, and therefore
we get 0, ~ mu~! + c. This relation implies that the spread parameter
is a linear function of the reciprocal of distance w. This relation had been
derived earlier [15, 13] based on the principles of paraxial geometric optics;
now it has been derived from the principles of paraxial wave optics.

The results above also confirm an earlier hypothesis based on experi-
mental observations [15, 13] that the spread parameter of a PSF is approxi-
mately proportional to the diameter of the blur circle predicted by paraxial
geometric optics.

We also compare here the PSF determined by paraxial geometric op-
tics with that determined by paraxial wave optics for different amounts of
defocus through computer simulation. Such a comparative study has been
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