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Abstract

Optical imaging systems are now embedded in various defense platforms and find a
variety of applications like surveillance and target detection or tracking. The optical
systems are designed such that the properties of different wavelength bands are uti-
lized intelligently for strategic advantages in all-weather and illumination conditions.
Some of the key requirements in deployable systems are necessity to have smaller form
factor, minimal weight, cost and high performance with respect to field of view (FOV),
depth of focus, resolution, athermalization, and noise robust performance. Traditional
optical imaging systems are unable to meet these contrasting requirements due to the
inherent trade-offs in the design process that aims to achieve optimal raw image qual-
ity. Traditional design in such scenarios may result in bulky designs, complex folded
systems that are difficult to assemble with impractical tolerances. The computational
imaging model offers potential solutions to the traditional design roadblocks by com-
bining optical encoding with algorithmic decoding of raw data. This thesis explores
new approaches to PSF engineering and PSF measurement for improving the perfor-

mance of imaging systems keeping in view the on-field deployment constraints.

This thesis addresses three specific problems of interest for enhancing the performance
of defense imaging systems. The first problem is simultaneous athermalization and /or
depth-of-focus improvement with a compact single lens design that has a generalized
cubic phase function imprinted on the back surface of an aspheric lens designed with
Germanium and suited to LWIR (8-12 pym) band. The system design is enabled by
advanced manufacturing and is shown to have nearly invariant PSF over full field of
view as well as over temperature range of -20° C to +60° C. This wavefront coding
approach allows for a compact single lens design with significantly reduced weight for

ease of deployment.

In the second topic, we introduce the concept of vortex phase diversity. Here, it
is shown that two images recorded with open aperture and charge-1 vortex aperture
incoherent imaging systems can be combined via the generalized Wiener filter to obtain
high contrast imaging performance without increasing system aperture. The novelty
here is that the two generalized Wiener filters have nearly opposing polarity and thus

offer a STED (Stimulated Emission Depletion) Microscopy-like advantage where an



effective computational PSF with a narrowed down central lobe and corresponding
OTF better than diffraction-limited OTF is achievable.

The third problem relates to accurate in-situ PSF estimation of on-field deployed sys-
tems that may be affected by outdoor environmental conditions such as variations
in temperature (compared to that in controlled laboratory environment), humidity,
mechanical shocks, etc. The accurate knowledge of PSF is essential for computational
imaging systems for de-convolution. It is often not possible to bring a deployed system
back to laboratory for testing. Also standard interferometer setups cannot be trans-
ported to field for testing purpose. To address this problem, we record large number
of white noise frames shown to an imaging system and average their squared Fourier
magnitudes to get an estimate of the two-dimensional system MTF. This MTF data
is used along with the complexity-guided phase retrieval algorithm which is able to

provide system PSFE even when PSF' is asymmetric.

Overall the thesis explores novel computational imaging solutions that may be de-
ployed in real-world applications after some development efforts. We believe that the
solutions discussed here have interesting implications for defense imaging systems for
which this effort was undertaken, as well as for other spin-off imaging modalities like

microscopy or commercial digital photography.
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