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Outline

• EM connectomics in the Fly Brain

• Challenges (bottlenecks) in generating a connectome

• Segmenting and evaluating large data well at scale

• Collaborative segmentation-based tracing



• A list of neurons/nodes and how they are 
connected

• Does not necessarily indicate synapse sign, 
strength, delay, and other dynamics

• Scalability is a challenge (main focus of talk)

What is a Connectome?

Graph with
connection strengths

Detailed morphology 
electrical simulation



Example: Connectome in the
Fly Optic Lobe

50u
m

Goals: motion detection circuitry, wiring stereotypy in medulla



Optic Lobe Reconstruction 
(medulla)

Video courtesy 

of Ting Zhao

Annotated 53,401 Tbars
and 315,421 PSDs (more 
complete than previous 
medulla reconstruction: 
10,093 Tbars and 38,465 
PSDs)

>3x faster than previous
reconstruction

~842 reconstructed cells
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Bottlenecks in Generating 
Connectomes

Analysis Challenges

• ?? Analysis time
• Analogous to ‘genome’ –

what to do with the data

Imaging Challenges

• Years to image something
like a mouse brain
(even with latest advances)

• Fly brain is already 100 TB 
of data

Proofreading Dataset

• Extensive manual component
• Worse than imaging

(e.g., 1 week of imaging →
1 year of proofreading)



Challenges to Speedup 
Proofreading

unguided,
manual 
tracing

novices

experts

Available  Tracing 
Workforce

more
experience
required

Tracing Required to
Complete 
Reconstruction

Segmentation (better segmentation → less work)
• Ambiguous parts of dataset
• Lack of contextual awareness (currently)

Proofreading is difficulty (scaling-out manual effort)



Our Solutions

• Use focused ion beam to produce high-resolution image →
improved segmentation

• Automated synapse annotation

• Machine-guided proofreading 

focused proofeading

semi-guided
tracing

QC
unguided,
manual 
tracing

Tracing Required to 
Complete Reconstruction

Previous Approaches Our Approach



Scanning Electron Beam 
Image

Focused Ion Beam 
cut/polish

Sample

Polish with Ga Ion 
Beam (~2-10 nm)

Image with 
scanning EM

Section cutting  thick sections 
difficult to align/interpret

Section
Thickness

neurite at an angle

Use FIB instead

FIB Problems
1. Field-of-view
2. Speed 

(but still faster 
than proofreading)



FIB-SEM
Isotropic
voxel

X-Y

X-Z

Y-Z

FIB-SEM

Credit:
Harald Hess Lab
(Shan Xu)



50um

FIBSEM
Imaging

Volume-
aware

Proofreadin
g

Quality
Control

Orphan 
Tracing

Synapse-
aware

Proofreadin
g

Synapse 
Annotation

Automatic
Segmentation

FIBSEM
Dataset

Connectome

Focused 
Proofreading

Manual tracing/proofreading

Our Reconstruction Pipeline
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Problem: Segmenting Large 
Datasets Well

• Mostly local computation

• Pretty scalable (not compute limited currently)

• Long range segmentation sometimes error 

Dataset
(e.g., >200 GB-2TB
>100,000 cubic microns)

Map
(subvolumes)

Boundary prediction,
watershed, agglomeration

Stitch local volumes
(consistent labeling)

“Reduce”

Commit
segmentation

Write



Global Segmentation:
Susceptibility to Small Inaccuracies

Segmentation: accuracy is critical
(small errors can cause 
big connectome changes)

I’m simple: 
let’s be 

aggressive

I’m difficult: 
let’s be 

conservative

Different regions -> 
different classifiers



Examples: The Good



Segmentation: The Bad

Poor classifier generalizability
(soma wasn’t considered)

Artifacts (e.g., membrane holes)



Careful Stitching => 
Better Automatic Reconstruction



• How do we know that the segmentation is good?

• Typically compare two segmentations 
(one often ‘ground-truth’) to achieve some similarity score

• How to facilitate comparisons on very large datasets?
(where does such ground truth come from? …. FlyEM)



Solutions/Advances
• Spark-based system to assess segmentation 

on large dataset

• Generate several metrics (e.g., edit distance, 
connectivity accuracy)

• Web application to 
conveniently analyze results

https://github.com/janelia-flyem/DVIDSparkServices

Neuron 
A

Neuron
B

Neuron 
C Neuron 

A

Neuron
B

Tolerate noise in system

https://github.com/janelia-flyem/
SegmentationEvaluationConsole

https://github.com/janelia-flyem/DVIDSparkServices
https://github.com/janelia-flyem/DVIDSparkServices
https://github.com/janelia-flyem/DVIDSparkServices
https://github.com/janelia-flyem/DVIDSparkServices
https://github.com/janelia-flyem/SegmentationEvaluationConsole
https://github.com/janelia-flyem/SegmentationEvaluationConsole
https://github.com/janelia-flyem/SegmentationEvaluationConsole
https://github.com/janelia-flyem/SegmentationEvaluationConsole
https://github.com/janelia-flyem/SegmentationEvaluationConsole
https://github.com/janelia-flyem/SegmentationEvaluationConsole
https://github.com/janelia-flyem/SegmentationEvaluationConsole
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Body with false 
merge

Splits

Two seeds painted in 
3D

Problem: Large-scale
Interactive Proofreading

1.  Big Body Manipulations

2.  Synchronization
Challenges

• Large data payload
• 100s of users
• Big reads AND

writes
• Snapshots for

publication

Publication
Snapshot



Solution: Segmentation-driven
Proofreading using DVID

Light-weight strategy
that locks neurons being
edited to avoid conflicts

DVID
Root Node

Locked DVID 
Node

NeuTu

DVID Node
“Client 

Proofreading”

NeuTu

Central
“Librarian”

• NeuTu: Proofreading client that facilitates
fast merge and split operations

• Collaborative tracing (changes viewable by other tracers)
• Integration with DVID

Tracing Checkpoint

NeuTu

NeuTu: Ting Zhao





Closing Thoughts

• Connectomics is a burgeoning field with great promise

• Scaling-up connectomics (i.e., speeding up proofreading)
is a great challenge
(can computation come to rescue?)

• Image segmentation needs to go from 
small-scale to large scale => new challenges

• Evaluation metrics must reflect the domain

• DVID + NeuTu enables a collaborative segmentation-driven 
proofreading solution
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