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Abstract—Optical imaging systems often face performance
challenges due to imperfections in the point spread function
(PSF), affecting resolution. In this project, we propose a com-
putational optical technique using speckle-pattern illumination
to correct aberrations without the need for adaptive optical
elements, addressing acquisition and complexity issues. Speckle
illumination, generated through light wave interference, offers
a promising solution for diverse applications, including tissue
imaging. Its inherent phase randomness effectively cancels out
aberrations, serving as a natural reference pattern for precise
PSF estimation and enhancing optical system quality.

I. INTRODUCTION

The point spread function (PSF) represents the response of
an optical system to a point source of light. It characterizes
how an idealized point source is transformed by the system,
influencing the distribution of light in the final image. The PSF
plays a pivotal role in determining the resolution and quality
of an optical system. Imperfections in the PSF, often caused
by inhomogeneities in the propagation medium or flaws in
optical components, can lead to distortions and degradation
in image quality. Strategies for addressing PSF imperfections
include the use of adaptive optical elements or, as proposed
in this study, computational optical techniques leveraging
speckle-pattern illumination to achieve aberration correction
for varying focal distances without additional complex optical
elements.

As mentioned the use of speckle illumination can correct
the aberrations caused by the optical elements in the system.
Speckle illumination is a technique in optical imaging that
harnesses random, granular patterns known as speckles, result-
ing from the interference of light waves [2]. In the context of
imaging systems, speckle patterns are employed to mitigate the
adverse effects of aberrations in optical systems. Unlike tradi-
tional methods relying on adaptive optics, speckle illumination
offers a natural and computationally efficient approach to
correcting aberrations without the need for additional adaptive
optical elements. The inherent phase randomness of speckles
plays a crucial role in canceling out aberrations present in the
illumination path, serving as a spontaneous reference pattern
for precisely estimating the PSF and improving the overall
quality of optical systems.

II. RELATED WORK

Introduced in 2016, the PSF Estimation from Projected
Speckle Illumination (PEPSI) technique offers a method for
estimating the point spread function (PSF) of an imaging sys-
tem [6]. The resolution of imaging systems is ideally limited
by diffraction, but practical issues such as inhomogeneities in
the light-propagating medium or optical imperfections often
degrade image resolution. PEPSI utilizes the randomness of

speckle patterns to counteract aberrations in the illumination
path, providing an objective pattern for assessing imaging
path deformations. Notably, PEPSI allows for wide-field-of-
view and local-PSF estimation without requiring calibration,
achieved through a single speckle-pattern projection.

Hwang et al. [5] propose a method for imaging through
turbulent media using short-exposure images. They recover
the Fourier power spectrum of objects by applying Labeyrie’s
autocorrelation method and Fourier transforming its output,
revealing that coherently averaging the images yields crucial
Fourier phase information.

Premillieu et al. [7] utilize speckle illumination and gradient
descent, combined with estimated shifted positions of an
object, to recover the illumination and point spread function
(PSF) of an optical system. An advantage of this approach
is its independence from prior knowledge about the optical
system. The resolution of the output is determined by the size
of the speckles.

Similar to [5], Hwang et al. [4] employ speckle illumination
but with sub-images, resulting in uncorrelated images. They
extract the estimated PSF magnitude through power spectrum
averaging and the estimated PSF phase through coherent
averaging.

III. PROPOSED METHOD

A. PSF & MTF Theory

The Modulation Transfer Function (MTF) quantifies the
ability of an imaging system to reproduce contrast variations
in an object. It is defined as the ratio of the contrast in the
image to the contrast in the object, as a function of spatial
frequency. The MTF curve provides insights into the system’s
ability to transfer various spatial frequencies, with a higher
MTF indicating better resolution.

The MTF equation is given by:

MTF (f) =
|I(f)|
|O(f)|

(1)

where, I(f) is the contrast of the image, O(f) is the contrast of
the object, and f is the spatial frequency of system. The MTF
is often expressed as a normalized function ranging from 0 to
1, where 1 indicates perfect transfer of contrast [8].

The PSF describes the distribution of light intensity in the
image resulting from a point source in the object space. The
PSF is essentially the impulse response of the system and
provides information about the spread of light over space [9].
The PSF can identify the spreading or blurring exhibited by
a point object which serves as an indicator of the imaging
system’s quality. The PSF equation is given by:




