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Face Scanning Dome



Face Database
• ~500 subjects

• ~12 TB of data

• Statistical models of 
facial appearance

[Weyrich et al., SIGGRAPH 2006] [Golovinskiy et al., SIGGRAPH 2006]
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Data Reduction & 
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Image & Video
Analysis Face Models Material Models

Measurement*

Base*Materials* Material*Library*
Prin2ng*

Output*Measurement*

Simula2on*
and*Search*

Measured*Deforma2ons*

Volumetric*
Model*
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Real 

Object

Reproduction

[Bickel et al., SIGGRAPH 2010]
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[Bickel et al., SIGGRAPH 2010]
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Visualization
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Functional Genomics
How do genes work together to perform 
different functions in the cell?

Metabolic 
Pathways

Phylogenies

Gene Expression



metabolic pathways

[Meyer et al., EuroVis 2010]



similarity scores

[Meyer et al., EuroVis 2010]



gene expression
phylogeny

[Meyer et al., EuroVis 2010]
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Metabolomics and Integrative Systems Biology Analysis of the 
Evolution of the Diauxic Shift in Ascomycota fungi,

M. Styczynski et al., in preparation.
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The Connectome
Discovering	
  the	
  Wiring	
  Diagram	
  of	
  the	
  Brain

29



Collaborators
Harvard Center for Brain Science

• Prof. Jeff Lichtman & Prof. Clay Reid

KAUST

• Prof. Markus Hadwiger, Dr. Johanna Beyer

SEAS

• Dr. Won-Ki Jeong
Dr. Verena Kaynig-Fittkau
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Mike Roberts
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The Scientific Challenge
How is the mammalian brain wired?

Ramón y Cajal, 1905 Harvard Center for Brain Science



Brainbow



Connectome Workflow



Electron Microscopy



The Data Challenge

• Pixel resolution:     3-5 nm

• Slice thickness:       30-50 nm

• 1 mm3:                  200k x 200k pixels x 20k slices 

                                40 Gpixels x 20k = 800 TB

Josh	
  Morgan



CS Challenges

• Stitching and alignment of overlapping tiles

• 3D registration of sections

• Visualization

• 3D reconstruction

• Synapse detection

• Network analysis



CS Challenges

• Stitching and alignment of overlapping tiles

• 3D registration of sections 

•Visualization

• 3D reconstruction

• Synapse detection

• Network analysis

This	
  Talk



Neurotrace

[Jeong et al., TVCG 2009]



Existing Methods
• Global image pyramid (e.g., Photoshop)

• Preprocessing required

• Not optimal for integration of new image tiles



Display-Aware Processing

• Take into account and process only the 
visible pixels

• Design choice: Displayed image computed 
on-the-fly each time

[Jeong et al., ICCP 2011]



Reference Space
• Virtual coordinate system for images

• On-the-fly resampling of only visible pixels

[Jeong et al., ICCP 2011]
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Display Space

• GPU-accelerated resampling

• Display-aware operations

• Alignment

• Blending

• Color editing

[Jeong et al., ICCP 2011]



GPU Image Alignment

[Jeong et al., ICCP 2011]



Adaptive Image Hierarchy

• Nested images with varying resolutions

5x

20x

10x



Adaptive Image Hierarchy



Volume Visualization
• 21,494	
  X	
  25,790	
  X	
  1850	
  =	
  955	
  GB



CS Challenges

• Stitching and alignment of overlapping tiles

• 3D registration of sections 

• Visualization

• 3D reconstruction

• Network analysis



Manual Reconstruction

[Reconstruct]



[Vazquez et al., CVPR 09]

Active Ribbons



Implicit deformable model based on multiphase 
level sets and force fields

Active Ribbons

[Vazquez et al., CVPR 09]



GPU Processing
Real-time editing and 3D tracking, 0.5 s/section 

[Jeong et al., TVCG 09]



User-Guided Reconstruction

[Jeong et al., TVCG 09]



Automatic 
Reconstruction

[Kaynig et al., CVPR 10]
[Vazquez et al., ICCV 2011]

2D Segmentation Combine Multiple 2D 
Segmentations 3D Reconstruction



Automatic 
Reconstruction

Enumerate and 
evaluate combinations 

Membrane 
probability maps

Globally consistent 
3D reconstruction

[Kaynig et al., CVPR 10]
[Vazquez et al., ICCV 2011]



Sparse Interactive 
Annotation

Manual annotation Visual feedback from 
classification



The whole training set! (<1% annotated)



Qualitative Evaluation



Gap Completion

[Kaynig et al., CVPR 10]



Multiple Segmentations

Closed contours



The Pipeline

Enumerate and 
evaluate combinations 

Membrane 
probability maps

Globally consistent 
segmentation

[Kaynig et al., CVPR 10]
[Vazquez et al., ICCV 2011]



Enumerate 3D links

Z

Z+1
Assign a score to each 

2D segment and 3D link



Modeling Fusion
Find the selection of segments and links 

that gives us the total highest score

Z

Exclusivity 3D continuity



Modeling Fusion

Fitness of segment Fitness of link

Exclusivity 3D continuity

Subject to:



Solving Fusion

• Constrained optimization using ILP solver

• Enumerating links is the slowest part

• 1000 x 1000 x 20 volume takes 30 mins

• Total time, including boundary probability 
maps, about 1 hour

• Match sub-blocks solving the assignment 
problem (max. weighted bipartite matching)



Results

[Vazquez et al., ICCV 2011]

1,000 x 1,000 x 9



Error Comparison



1024 x 1024 x 100



150 sections at 1024x1024 pixels
including 6 training images

correct segmentation covers:
69% ±4 of all regions
82% ±5 of all pixels

100 sections at 1024x1024 pixels
completely test performance
correct segmentation covers:

68% ±4 of all regions
71% ±7 of all pixels

Quantitative Evaluation



Proof Reading



Jeff ’s Challenge
Automatic 3D reconstruction for largest EM stack ever







All objects containing at least 100 sections





1,024 x 1,024 x 100

10,240 x 10,240 x 1,000



Future Work



Data Store Processing

Human
Analysis

Distributed Image 
Analysis & Visualization
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Network 
Visualization

Radiation
Oncology

Building Energy 
Usage

Digital 
Pathology

Object 
Replication

Video 
Browsing

MGH

Beth Israel Disney Research

GSD

IQSS

CBS



data
Data == Opportunities



Thank you!
http://gvi.seas.harvard.edu/pfister 


