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Microscopy Imaging: acquisition and processing
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Santiago Ramón y Cajal at the microscope



Microscopy Imaging: acquisition and processing 

(today)

Sample

Storage

Image 

processing

Image 

acquisition

Visualization



Sample

Image 

acquisition

Image 

processing

Storage

Visualization

Microscopy Imaging: acquisition and processing 

(tomorrow)

To be really scalable, image processing 

must be as close as possible to image 

acquisition



Big data challenges in whole-brain imaging

Mouse Monkey (Rhesus) Human

Approx volume 1 cm3 100 cm3 1500 cm3

Raw data size

1 channel, 10 µm res. 2 GB 200 GB 3 TB

3 channels, 10 µm res. 6 GB 600 GB 9 TB

1 channel, 1 µm res. 2 TB 200 TB 3000 TB

3 channels, 1 µm res. 6 TB 600 TB 9000 TB

1 cm3

(10 μm)3
= 109 voxels = 2GB (@ 16bits/pixel)

mouse monkey human



Dual view inverted Light Sheet Fluorescence Microscope

• dual-view inverted SPIM apparatus

• Isotropic 1 um resolution

• Up to 4 channels

• Designed to image 1 mm thick sample

• High data throughput (up to 1 GB/s, one channel)

• Volumetric rate: 0.1 mm3/s.

Hippocampus volume:
20 slices of 3cm x 1cm x 0.05 cm = 0.15cm3 = 0.15 x 1012 µm3

 Voxel size ≈ 1 µm3 => 0.15 Tvoxels = 0.15 TB per channel 
= 0.6 TB per slice, Grand total: 12TB

 Data throughput: 24TB per sample (dual view) 3x2 cm



HBP data repository: EBRAINS

www.ebrains.eu

“EBRAINS is a new digital research infrastructure, 
created by the EU-funded Human Brain Project, that 
gathers an extensive range of data and tools for 
brain-related research.”

Lower-resolution dataset: (4.4 x 4.4 x 3.3) μm3

Total size: 116 GiB

DOI: https://doi.org/10.25493/MD0E-BW5

http://www.ebrains.eu/
https://doi.org/10.25493/MD0E-BW5


A bigger challenge: human Broca’s area (4x4x2cm3, 48 slices)



Cleared tissue

Fixed tissue We successfully 
applied the SHORT 
clearing method to 
a whole Broca’s 
Area sliced in 48 
slabs of 400μm of 
thickness. 

Brain Initiative Cell 
Census Network 
(BICCN)

Supported by The 
General Hospital 
Corporation Center of 
the National Institutes 
of Health, award 
number 
1U01MH117023-01

DAPI CR

SST NeuN

A bigger challenge: human Broca’s area (4x4x2cm3, 48 slices)



3D slice



Some numbers

Number of files 8602

Raw data 507 TiB

Lossy Compression, JPEG2000, original resolution 
(0.5x0.5x3.5µm)

25 TiB

Resliced (lower res, 3.5µm isotropic) 10.4 TiB

Resliced (lossless compression, 3.5µm, delivered) 4.2 TiB

August 2021

4 channels, 48 slices



BRAIN initiative data repository: DANDI

DANDI: Distributed Archives for Neurophysiology Data 
Integration

www.dandiarchive.org

“The BRAIN Initiative archive for publishing and sharing 
neurophysiology data including electrophysiology, 
optophysiology, and behavioral time-series, and images from 
immunostaining experiments.”

pip-install dandi

BIDS extension proposal 31 (BEP31)
(The Brain Imaging Data Structure)

http://www.dandiarchive.org/


• developed in

C++ using Qt

• 7000 SLOC 

(Single Lines of Code)

• multi threaded

• data rate 1 GB/s

with two cameras

• flexible and modular

architecture

Acquisition and control software (SPIMlab + QtLab)



Image reslicing

Lab reference frame

Objective reference frame

Affine transformation 

using zooms, rotations 

and shears to go from 

the objective’s 

reference frame to the 

lab’s reference frame. 
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Volumetric stitching

• Sample size (half mouse brain):
0.6 x 1.2 x 1.2 cm3 (ZYX)

• Pixel size: 2 x 0.65 x 0.65 µm3 (ZYX), 16 bit

• Mosaic: 15 x 12 stacks, 23 GiB each

• Whole dataset: 4.2 TiB

2048

2048
3
0
0
0

23GiB



Volumetric stitching: ZetaStitcher

• Developed entirely in Python

• Open source (GPLv3)

• High throughput

https://github.com/lens-biophotonics/ZetaStitcher

A powerful and simple Python API to query arbitrary regions within the fused volume. 
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Fused volume (half mouse brain)

Downscaled volume:

px size: 10 x 10.4 x 10.4 µm3 (ZYX)

Original volume:

2985 × 18924 × 23486 px (Z × Y × X) ≈ 1.3 1012 voxels



Whole mouse brain tomography with LSFM: vasculature

Di Giovanna, Antonino Paolo, et al. "Whole-brain vasculature reconstruction at the single capillary level." Scientific reports 8.1 (2018): 1-11.



Alignment to the Allen Mouse Brain Reference Atlas

Atlas warping using

ANTs on downsampled

version of the dataset

(Avants et al. IEEE transactions

on medical imaging, 

http://stnava.github.io/) 

http://stnava.github.io/


Neuron localization in the whole mouse brain

Semantic deconvolution

SST-positive cells

About 1.5×10
6

neurons

University of Florence, Department of 

Information Engineering (DINFO)

Paolo Frasconi
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Quantitative data analysis

Silvestri, L. et al. Nat Methods 18, 953–958 (2021).



Digital histology

I. Costantini, G. Mazzamuto et al. Biomedical 
Optics Express, Vol. 12, Issue 6, pp. 3684-3699 
(2021)

https://www.osapublishing.org/boe/issue.cfm?volume=12&issue=6


Data management workflow

machine learning

whole 
mouse 
brain

Dual view 
inverted 

Light Sheet 
Microscope

data acquisition

high-res
stitching

(ZetaStitcher)

16 bit dynamic range
2 channels, 2 views
1 GB / s
0.1 mm3/s

data 
compression

permanent 
storage
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volume

training
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user 
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cell segmentation 
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Computing cluster

2 GPU servers each with:
4x GeForce 2080Ti 12GB
192GB RAM
Intel Xeon 24 core

1 GPU server with:
1x GeForce 3090 24GB
256GB RAM
AMD Ryzen Threadripper 32 core

1 GPU server with:
1x Pascal P100 12GB
128GB RAM
Intel Xeon 16 core

Central manager node
• HTCondor
• Docker registry
• LDAP

NAS storage
500 TB

10 Gbit/s

CINECA (Bologna)

Internet
1 Gbit/s
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Thank you!
www.ino.it

bio.lens.unifi.it

github.com/lens-biophotonics


