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2D to 3D: Constructing a fluorescence microscope for snapshot 3D 
imaging with isotropic resolution across three spatial dimensions

1. Background: Conventional optical microscopes acquire 2D image data. A set of such images, acquired sequentially, can then be stacked
to build up a 3D image. However, this need for scanning limits the temporal resolution of such methods and therefore introduces motion
artefacts for moving samples (e.g., the beating heart of a zebrafish) [1].
To image in 3D in a snapshot, taking images simultaneously from multiple perspectives is necessary. That captures the information needed to
perform a volumetric reconstruction post-acquisition. In the considered design, two orthogonal views are used.

2. Aim: The investigated design
aims to provide a microscope
system acquiring 3D images
without the need to scan. It was
aimed to achieve isotropic 3D
resolution across a 150 µm
volume, by increasing the depth of
field with pupil plane engineering
techniques.
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Figure 1: The constructed microscope system

Figure 2: A 2D image of a zebrafish 
acquired on my microscope. The 

heart is visible in the circled area



3. Methodology: The optical system was aligned, tested and adjusted (Fig. 1).
The calibration data (Point Spread Function and registration) was then collected
to account for the impulse response of the system and offsets between the
images from the two cameras.

Figure 4: 
Comparison of the 
fluorescence beads 
sample viewed from 
both cameras, with 
the same beads 
circled – identified 
by analysing 
positions and 
sharpness of the 
imaged beads

Camera 1 Camera 2

x

y

z

y

Figure 3: The diagram of the experimental setup

3.1 Design: The microscope system
consists of two orthogonal imaging
arms, simultaneously acquiring 2D
images of the sample. The
illumination is delivered through one
of the objectives and excites the
fluorescent sample. The sample is
mounted in a 3D-printed chamber
filled with water [2] (Fig. 3).
Magnification of x22.2 was designed
and verified.

3.2 Extending the depth of field: The depth of field of
each arm is increased to match the desired lateral field
of view of the other arm. This is achieved by placing a
cubic phase mask in the re-imaged pupil plane of each
objective lens [3].

3.3 Imaged volume: A cube of 150 µm side was the
volume of interest. The overlapping volume in the
images from both cameras was identified and verified
by comparing the stacks of images from both cameras,
first with the zebrafish sample (Fig. 2) and then with a
sparse sample of fluorescent beads (Fig. 4)



4. Outcomes and next steps:
• The microscope system was successfully constructed and aligned, and test 2D images of the zebrafish heart were taken (Fig. 2)
• The calibration data was collected
• The imaging system will be further tested by the host research group

3.4 Calibration: the Point Spread Function (PSF) describes the 3D response of the
imaging system to a point source of light as it is moved out of focus. It was
acquired for both imaging arms by recording images of a single fluorescent bead
across the considered depth of field with the cubic phase mask present (Fig. 5).
The relation between the two orthogonal views (rotation, translation) also has to
be found. The calculated affine transform is applied during the reconstruction
process.
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3.4.1 Registration: Stacks of images were collected
with both cameras, using a dense sample of
fluorescent beads (Fig. 6). A feature-mapping
algorithm was used to find an affine transform to
register the pair of images. [4]
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Figure 5: Cubic PSF registered across the considered depth of field

+z-z
Range of interest

-100µm -50µm +100µm+50µm0µm


