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In this dissertation, a technique for multispectral incoherent holography
based on measuring differential wavefront curvature is proposed. The
differential wavefront curvature is measured and the principle of Fourier
transform spectrometry is applied to provide a set of spectral components of
three-dimensional (3D) images and continuous spectra for spatially
incoherent, polychromatic objects. The mathematical formulation of the
principle and the experimental results are presented. Spectral resolution and
3D imaging properties are investigated based on a four-dimensional (4D)
impulse response function (IRF). The dissertation consists of the following six
chapters.

In chapter 1, an overview of the dissertation is provided. The research
background is introduced, the research objectives are stated, and the
structure of the dissertation is presented.

In chapter 2, the theoretical background of the research is summarized. The
properties of light are derived from the wave equation, including optical

interference based on the superposition principle of two optical waves, optical



coherence, diffraction theory, angular spectrum method and Fourier
transform spectrometry.

In chapter 3, the concept of multispectral incoherent holography 1is
presented. An interferometer similar to the Michelson interferometer with
one plane mirror replaced with a concave mirror is described. This
interferometer detects the differential wavefront curvature between two split
wavefronts. After the volume interferogram is obtained, the spectral profile of
an object can be found in a way analogous to Fourier transform spectrometry.
A mathematical theory that can be used to retrieve spectrally resolved 3D
images is described. The optical intensity of interferograms is first expressed
in terms of a spatial correlation function of the optical field. This function
represents the interference of optical fields reflected by the plane mirror or
the concave mirror. For a stationary field, the spatial correlation function
recorded in the volume interferogram can be expressed as the superposition
integral of the cross-spectral density function, where the cross-spectral
density function 1is defined as the cross correlation between the
monochromatic components of the optical field. This cross-spectral density
function can be expressed in terms of the spectral density function of the
measured object and is equivalent to a spectral component of the complex
incoherent hologram. Thus, the 3D image for each spectrum can be
reconstructed from the complex incoherent hologram by applying
conventional inverse propagation techniques.

In chapter 4, two experiments are described. In the first experiment, the
measured object is polychromatic. The 3D volume interferogram is measured
with the interferometer. By performing a Fourier transform of the volume
interferogram with respect to thickness, the spectral profile of the object and
the complex incoherent hologram for each spectral component are obtained.
The 3D image at the spectral peak is reconstructed from the complex
incoherent hologram. The second experiment uses two polychromatic objects.
The spectral profiles of the objects are analyzed at a point on the plane
perpendicular to the optical axis. The experimental results show that the
shape of the measured object is reconstructed well, the size of the object is
close to that of the original, and the depth distance of the object is recovered.

In chapter 5, the imaging properties of multispectral incoherent holography
are investigated theoretically by deriving an analytical solution of the IRF.
The derivation is performed under the paraxial approximation. To confirm the
mathematical analysis, the 3D images obtained from the analytical solution of

the IRF are compared with the experimental results. In the mathematical



analysis, the measured object is assumed to be a monochromatic point source.
The cross-spectral density function is expressed as a Fourier transform of the
product of the spatial correlation function and the window function, the latter
of which represents the spatial extension of the image detector. To find the
IRF and reconstruct the 3D image, the inverse propagation formula is applied
to the cross-spectral density function. Consequently, the final expression for
the reconstructed image appears as the superposition integral of the input
spectral density function and the IRF, with the IRF expressed in terms of the
Fresnel integrals.

For comparison, the image is reconstructed as the IRF prediction. Another
experiment is performed, in which the measured object is a monochromatic
point source and the corresponding image is reconstructed. The two images
are compared. The analytical solution of the IRF and the experimental results
agree well, validating the method. The images obtained demonstrate the
performance of the method.

The conclusions are provided in chapter 6.
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