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Abstract: ~ We propose a low-cost 3D-printed microscope with an electrically focus-
tunable lens (ETL) and a motorized XY stage driven by a microcontroller board capable of
autofocusing and extending the field-of-view (FOV) for large biological sample imaging.
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Introduction

We propose a low-cost 3D-printed microscope with an electrically focus-tunable lens (ETL) and a motorized XY
stage driven by a microcontroller board capable of autofocusing and extending the field-of-view (FOV) for large
biological sample imaging.

When imaging a large biological sample through a microscope the objective need to be placed close to the
sample leading to a limited field-of-view (FOV) that could be smaller than the region of interest (ROI) in the
specimen under study. Then the ability to extend the FOV for imaging a larger view of the observed sample can
be of great interest for many biological applications [1].

Another common problem in microscopy is the correction of the focus drift, which occurs due to various factors,
including initial movement of the live sample, thermal drift and mechanical instability [2]. The focus drift can
disrupt time lapse, therefore it is important to use automatic focal plane detection and stabilization systems [2, 3].

In the present work, we propose a low-cost custom-built 3D-printed autofocus motorized microscopy than can
image specimens larger than the microscope objective’s FOV by means of acquiring and stitching overlapping
neighboring images usually known as tiles.

Motivation and related work
Optical set-up and experimental results

The 3D-printed microscope model is shown in figure la with a XY translational motorized stage, an extra motor
for Z coarse positioning and the optical system made up of the camera, an electrically focus-tunable lens (ETL)
and a microscope objective (MO). The ETL allows fine tunning the in-focus plane [4-6] and the biological samples
are illuminated by transmission from below with a LED iluminator in an upright microscope configuration.

The XY motorized translation stage is driven by a microcontroller board providing the required travel range
for both coarse and fine positioning of the specimen. Besides 3D-printed sample holder adapters to the XY stage
makes it possible to work with slides or 35mm culture or 35mm petri dishes.

The design of the proposed microscope allows its relatively simple transformation from the upright microscope
configuration to an inverted one which is of interest for time-lapse studies of entire cell cultures in multiple
imaging modalities, furthermore the ability to monitor cells in real time and for long periods of time is important
in many different biological applications, as well as screening for new drugs or tests of the proliferative and
invasive dynamics of tumor cells [7].

As a proof of principle of the performance of the proposed microscope we used a dog esophagus preparation
from an educational set of biological samples. In figure 1b we show stacks of images acquired at different (x,y)
positions of the motorized XY stage to obtain neighboring images with overlapping FOV (e.g., one third of the
horizontal size of the image) as seen in figure Ic. The sample can be kept in-focus without any mechanical
movement by means of the ETL focal distance modulation with an applied current and an autofocusing algorithm
based on a focus measure (FM). The FM is a function of depth, and its maximum value must be in the focal
plane [1]. For each position of the stage (x,y) this FM function is fit to the data. Thus obtaining the image in focus
for that position, which will be used for the stitching.



a2 Since each image has a known X and Y overlap with its neighbors, the stitching algorithm only needs to consider
the overlapping regions between neighboring images to compute the features using a feature-detection algorithm
based on Speeded-Up Robust Features (SURF) [8] and to find matching pairs between the different images. Then
the best transformation for those points is calculated. The resulting extended FOV image is shown in figure 1d
with a good stitching accuracy.
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