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Big Biodata – big, complicated, while containing 
valuable information
• Various species

• Various resolution

• Various imaging modalities
• Various data types, formats, etc.

The bottleneck lies in visualization/computation/analysis, rather data generation.



Vaa3D Homepage:   www.vaa3d.org



Vaa3D Source Code: https://github.com/Vaa3D

Plugins

Core  & GUI

Executables: https://github.com/Vaa3D/Vaa3D_Wiki/wiki/Download-
Vaa3D-executables



• More Vaa3D resources & wiki page:
https://github.com/Vaa3D/Vaa3D_Wiki/wiki/Vaa3D-Wiki

• Please send your Vaa3D related questions to 
the Vaa3D help forum hosted at NITRC.org

The Vaa3D community

https://github.com/Vaa3D/Vaa3D_Wiki/wiki/Vaa3D-Wiki


A L L E N  I N S T I T U T E  f o r B R A I N  S C I E N C E

Why Vaa3D?
• Commercial tools

Amira Imaris Neurolucida Matlab

• Free or open-source tools

ImageJ Fluorender Icy ilastik

…

…



3 Enabling technologies of Vaa3D

Immersive visualization

Intuitive annotation

Out-of-core handling of big data



A L L E N  I N S T I T U T E  f o r B R A I N  S C I E N C E

• 3 orthogonal views
• Looking Glass
• Channel
• Landmarks 
• Atlas

Tri-view



A L L E N  I N S T I T U E  f o r B R A I N  S C I E N C E

• MIP
• Alpha
• Color map
• Volume Cut
• Zoom, Rotate, Pan
• Annotation
• Different surface 

objects

3D Viewer



Generalized 5D data (XYZ-C-T) and surface object visualizer



Wang et al. Nat. Commun. 2019

TeraVR: an extension for immersive visualization
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VR-based neuron reconstruction

Right-eye viewLeft-eye view

Stereo 
rendering 
result

Position, 
orientation, 
transformation



Comprehensive toolbox



3 Enabling technologies of Vaa3D

Immersive visualization

Intuitive annotation

Out-of-core handling of big data



* Peng, H. et al, “Virtual finger boosts three-dimensional imaging and microsurgery as well as terabyte volume
image visualization and analysis”, Nature Communications 5, 2014

A L L E N  I N S T I T U T E  f o r B R A I N  S C I E N C E

3D Random Access Powered by Virtual Finger

• A family of 3D-WYSIWYG (‘what you see in 2D is what you get in 3D’)
computer algorithms that map users’ inputs in the 2D plane of a computer
screen to the 3D locations of biological entities



One-click 3D Pinpointing

The most probable location on A is estimated by applying the mean-shift algorithm on the 
intensity distribution along the shooting ray. It can be used for quick manual cell-counting
or for quantitatively profiling the voxel intensity along the straight line segment connecting 
two markers.

A L L E N  I N S T I T U T E  f o r B R A I N  S C I E N C E
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One-click 3D Pinpointing

A L L E N  I N S T I T U T E  f o r B R A I N  S C I E N C E



Vaa3D: 1-mouse stroke 3D curving (1/2)



Vaa3D: 1-mouse stroke 3D curving (2/2)



A L L E N  I N S T I T U T E  f o r B R A I N  S C I E N C E
Global minimum cost path via shortest paths for all consecutive rays.

One-Stroke Curve Generation



3 Enabling technologies of Vaa3D

Immersive visualization

Intuitive annotation

Out-of-core handling of big data



� TeraFly extends the Vaa3D software to cope with
(potentially) unlimited sized bioimages even on laptops with
a limited amount of system memory (£ 4 GB) and video card
memory (£ 1 GB)

- fast rendering/visualization of 3/4/5D TeraByte-scale microscopy 
images

- instant zoom-in/out with mouse-scroll
- visualization-assisted annotation of 3D objects at different scales
- proofreading tools
- image format conversion tool (TeraConverter) included

� the underlying idea is to mimic the behavior of Google Earth
- what you see is what you need (WYSIWYN)
- multiresolution representation

Vaa3D-TeraFly (1/4): Overview

Bria, et al, Nature Methods, 2016.



Vaa3D-TeraFly (2/4): Architecture

Bria, et al, Nature Methods, 2016.



Vaa3D-TeraFly (3/4): Schema of 3D - 5D Formats



Vaa3D-TeraFly (4/4): User Interface



Vaa3D-TeraFly: Basic Usage



Vaa3D-TeraFly: 5D image visualization



More Functions of Vaa3D

• Segmentation
– globular objects (cell bodies, nuclei, bouton)
– fibrous objects (neurons)
– Irregular shaped (brain compartments)

• Registration
– global (affine, rigid), local (non-rigid, elastic)
– Feature point detection, matching
– Generate of warping field
– Cutting plane restacking along curve

• Classification
– Image [region] classification
– Feature calculation
– Neuron structure comparison & categorization

• 5D Data management
– 3D landmarking
– Proof-reading
– Manage images and associated meta data
– Manage large image archive, e.g. aligned images & atlas files

• ~300 user-developed plugins 



Extended reading
More details of the techniques covered in this talk can be found in the 
below paper:

• Vaa3D platform, Nature Biotechnology 2010, Nature Protocols 2014
• Virtual finger, Nature Communications 2014
• TeraFly, Nature Methods 2016
• TeraVR, Nature Communications 2019



Thank you!
Acknowledgements go to our developers, collaborators, and the user community.


