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Fourier lightfield microscopy (FLMic) is a technique aimed to capture and process 3D information of microscopic
samples. Due to its optical design, FLMic has the inherent capacity of capturing a collection of orthographic
perspectives of samples in a single shot. Consequently, FLMic is especially suited for capturing and processing 3D
images of dynamic processes, being potentially addressed for real-time applications in both life and material

sciences.
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| 1. Introduction

The capture and recovering of the lightfield has been a topic of interest in recent years both in macroscopy and
microscopy. Fourier lightfield microscopy (FLMic) WRIBI4 represents a reformulation of a previous approach,
known as lightfield microscopy RIEIZBIENLOLL hoth aimed to capture and process 3D information of microscopic
samples. The main concept of both methods is to spatially multiplex the angular information by using a microlens
array. From this multiplexed information, the 3D image can be recovered computationally in different manners, for
instance, by means of backpropagation or deconvolution algorithms. In standard lightfield microscopy the
resolution of the reconstructed images is defined by the distance between lenses of the microlens array and varies
depending on the refocused distance. The main benefit of FLMic over the previous method is that the system
captures directly a set of perspectives of the sample that are diffraction limited and shift-invariant. As a
consequence, in FLMic not only the post-processing is eased but also the reconstructed 3D field shows better
lateral resolution which, additionally, remains constant along the axial direction [12U13I14I15] Degpite being a
relatively recent development, several studies have shown the potential application of FLMic in the study of
dynamic processes in biomedical imaging L8ILAU8ILN[20121] 'including 3D real-time imaging of living phytoplankton

(22 zebrafish embryos 23], and neuronal activity 24, amongst others.

The standard optical scheme of a FLMic is shown in Figure 1. It consists of a microscope objective, an optical relay
system with a field-stop in the common focal plane of both lenses, a microlens array (MLA) and a digital camera. In
addition, at least three illumination modes are suitable for FLMic (brightfield, widefield, and darkfield [23) that might
be used depending on the sample of interest. Some recent contributions have demonstrated the possibility of
inserting an add-on to a commercial microscope to transform it into a FLMic 22 or even developing a portable

version of FLMic with reduced dimensions and price 23!,

| 2. The Fourier Lightfield Microscopy (FLMic) Design
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The FLMic design is based on two conjugation relations and on the key role played by two hard apertures. A MLA
is virtually inserted, with the help of a telecentric optical relay, at the aperture stop of an infinity-corrected MO, as
illustrated in Figure 1. This adjustment ensures that any microlens captures an orthographic perspective image of
the 3D sample volume. The number of microlenses that are fitted in the aperture stop (AS) of the MO equals the
number of recorded views, from which the posterior digital processing allows the refocusing of the 3D sample
volume. Additionally, the field stop (FS) is set in a plane between the lenses of the relay, so that it is conjugated
with the object plane, and also with the pixelated sensor, which is set at the rear focal plane of the microlenses.
The task of this second stop is to avoid overlapping between view images, and therefore it determines the field of

view of the microscope (Figures 2 and 3).
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Figure 1. Scheme of the Fourier lightfield microscope.

From the perspective views captured directly with FLMic, stacks of depth images can be calculated and displayed.

In the following figures some examples of captured views and computed depth images, are shown.
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Figure 2. Hypocotyl of Arabidopsis Thaliana imaged with a water immersion objective. On the top, the
entire frame registered by the device. On the video, the sample reconstructed at different depths.
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Figure 3. (a) Elemental images of a honeybee wing captured using a handheld and cost-effective
FLMic; (b) video with the refocused images at different depth planes.

Currently the company Doit S.L. commercializes an FLMic accessory 22, Further details about this
ultimate modality of Fourier Light Field Microscopy, pushed forward by the groups of 3D Imaging of
the University of Valencia and the Optics and Opto-Digital Processing of the Universidad Nacional de
Colombia Sede Medellin, can be read in the references included in this entry.
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