Boston University

OpenBU http://open.bu.edu
BU Open Access Atrticles BU Open Access Atrticles
2018

First born model for reflection-mode
Fourier ptychographic microscopy

Alex Matlock, Anne Sentenac, Ji Yi, Lei Tian. 2018. "First Born model for reflection-mode

Fourier ptychographic microscopy." Mathematics in Imaging. Mathematics in Imaging. https://doi.org/10.1364/math.201¢
https://hdl.handle.net/2144/40210

"Downloaded from OpenBU. Boston University's institutional repository."



MM3D.2.pdf Imaging and Applied Optics 2018 (3D, AlO, AO, COSI, DH,
IS, LACSEA, LSC, MATH, pcAOP)©OSA 2018

First Born model for reflection-mode Fourier
ptychographic microscopy

Alex Matlock'*, Anne Sentenac?, Ji Yi’, Lei Tian'*

! Department of Electrical and Computer Engineering, Boston University
2 Aix Marseille Universite, CNRS, Centrale Marseille, Institut Fresnel
3 Department of Medicine, Boston University School of Medicine

* amatlock@bu.edu, leitian@ bu.edu

Abstract: We validate a first Born approximation based model for Reflection-mode Fourier
ptychography under the semi-infinite boundary condition. Our model enables optical thickness
and absorption recovery with enhanced resolution from thin samples.© 2018 The Author(s)

OCIS codes: (110.1758) Computational imaging; (100.5070) Phase retrieval; (180.0180) Microscopy.

1. Introduction

Fourier ptychographic microscopy (FPM) has gained significant interest as it can provide quantitative reconstruc-
tion of phase and amplitude images with both high-resolution and wide field-of-view (FOV) [1]. To implement FPM
in transmission (tFPM), the system can be conveniently built on a commercial microscope, with a simple hardware
modification of the light source to a programmable LED array and a phase retrieval algorithm [1,2]. tFPM is partic-
ularly useful in high-throughput biomedical imaging applications where the refractive index, morphology, and other
quantitative aspects from thousands of cells across a large FOV can be recovered simultaneously [1, 3].

Recently, there has been an increased interest in reflection-mode Fourier ptychographic microscopy (rfFPM) [4].
rFPM is particularly intriguing because it captures back-scattered fields from the sample that can provide improved
sensitivity to small structures in the sample and enables the imaging of thick biological structures. Existing rFPM re-
construction algorithms directly adopt the tFPM algorithm, which does not account for the different imaging condition
in reflection [4].

Here, we demonstrate a new first Born approximation based model with a semi-infinite boundary condition. We
show this rTFPM model can more accurately account for the complex physical model required for imaging in reflection
by considering the back-reflections from the incident and scattered fields off the substrate below the object. In addition,
we show this model facilitates a linear reconstruction procedure enabling the quantitative recovery of both sample’s
optical thickness and absorption. We also develop a digital refocusing algorithm allowing for sample reconstruction
at different focal positions without the need for mechanically refocusing the sample. We validate our rFPM model
experimentally by recovering the optical thickness and absorption of epithelial buccal cells fixed on a glass slide.

2. Theory

Our model considers a sample of unknown optical thickness on the surface of a boundary interface between two di-
electric mediums [Figure 1(a)]. Under the first Born approximation, the total scattered field from the sample consists
of both forward and back-scattering components resulting from both the incident illumination and its reflection off
the interface. To account for all field components, we use the half-space Green’s function that assumes a semi-infinite
boundary condition at the sample. A key result regarding the scattered field is shown below, where each term corre-
sponds to U; through Uy in Figure 1(a), respectively:
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where ¢ = v+ Vv, ; and g; = v, —V;. Here, v and v, denote transverse and axial spatial frequencies respectively, the
subscript i denotes the illumination spatial frequency, h(r') is the sample’s height as a function of transverse position,
and R is the Fresnel reflection coefficient. The first (U;) and fourth (Us) terms exhibit rapidly oscillating phase in the
scattered field as a function of the sample’s height. The asymptotic behavior of the integration can be analyzed via
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Fig. 1. Reflection-mode Fourier ptychographic microscopy. (a) Schematic of illumination and multi-
ple scattered field components. (b) Numerical simulation of a spherical 2um particle and the result-
ing intensity contributions from each scattered field component. (c) The standard brightfield image,
the rFPM reconstruction of absorption and optical thickness for an epithelial buccal cell. (d) Digital
refocusing results for optical thickness recovery at various focal positions.
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the method of stationary phase, which shows negligible contribution to the total measured intensity and thus can be
neglected. This is numerically validated through the 1D numerical simulation in Figure 1(b). The remaining terms
(U, and Us) are the main source of intensity contrast in rFPM. Since they exhibit slow phase oscillations, they can
be approximated with a first order Taylor series expansion. This allows us to derive phase and absorption transfer
functions in reflection.

3. Results

We experimentally validate this model on a standard reflection-mode microscope equipped with a scanning illumina-
tion source providing variable illumination angles. Images are acquired with a 10x, 0.25 NA objective on epithelial
buccal cells. The reconstruction is efficiently implemented based on Tikhonov regularization. In Figure 1(c), we re-
cover the optical thicknesses from the cells up to 3um, which agrees with the expected thicknesses for fixed cells on
a glass substrate. Figure 1(d) shows the digital refocusing capability of our model, enabling recovering samples at
different focal planes.
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