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Introduction

Human Projectome Result

BlueMatter created a
projectome from 4 million
fascicles intersecting every
ogray matter voxel (44,000).
This is the highest resolution
human brain projectome.

The complete set of long range fascicles in the brain
IS the projectome.

Current projectome methods estimate one fascicle
at a time and miss critical global criteria.

BlueMatter iIs a parallel projectome algorithm,
which accounts for global DWI prediction error and
volume conservation.

RMS difference between
predicted and measured DWI
data within the white matter 1S
similar to measurement noise

BlueMatter selects a projectome from a massive (6=48)
O— :

database consisting of 180 billion fascicles derived

from atlases and multiple tractography algorithms. The BlueMatter projectome contains the atlas fascicles [3]
as well as fascicles not commonly found In previous
projectomes, e.g., note fullness of projections between
lateral cortex and corpus callosum and the optic radiation

Algorithm Details (including Meyer’s loop).

Projectome Search Overview

BlueMatter searches a massive collection of fascicle Volume Estimation at Fascicle Crossing

candidates C to select a projectome P that minimizes Fasccile volume is estimated accurately despite candidate o | o
a global error function E. database bias. Projections between lateral cortex Optic radiation.
and corpus callosum (blue).
C must be refined because it 25,000 fibers 300 fibers : :
8,000 fibers 200 fibers Projectome Comparison

1) contains many implausible fascicles,
2) Iinherits biases from the included tracking algorithms,
3) Is not optimized for data-fit or volume constraints.

We compared BlueMatter with a projectome procedure [4] that
uses the TEND algorithm. We searched for a diameter that

Error Terms Synthetic DWI  Candidate Database  BlueMatter Estimate best predicts the data with the TEND projectome.

Error £ on projectome P balances diffusion-fit £; [1]

with volume overfilling E: Length Invariance 3000 ' ' " [WEsueveter]  BlueMatter predicts
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E=(1-XMNE;+ \Es Fascicle cross-sectional area estimates are length invariant. S 2000¢ ==—| DWI data better than
LK (ApimAr)? < the TEND projectome
Eii= 3 g o, A DWI dataset composed of two tracts with £ 1000} in almost every voxel
( | equal white matter cross-section (3.2mm?) and Z (modes 1.8, 2.1).
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Parallel Architecture 5,600 fibers 96 fibers . .
Examinig voxels overfilled 3x(2x).
BlueMatter leverages a 2048-processor BlueGene/L alueMatter h v 12 (200 b
supercomputer with 0.5 TB memory to implement a 12,000 fibers 103 fibers ueMatter has only 12 ( Ue).

highly parallel multiple-restart stochastic hill-climbing TEND has 3500 yellow (8200 red).

algorithm (run-time: 9days).
J ( Ys) TEND fiber count BlueMatter cross-section

varies with length. area is length invariant.

Conclusions

Parameter Selection
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TEND onl BlueMatter 1s the first projectome algorithm to optimize over
o only global parameters: data fit and volume conservation.

| / The BlueMatter projectome is a length invariant estimate of

o2 os o5  os white matter fascicle volume.
Diameter (mm)

Selected fascicle diameter is
the largest that accutrately
recovers fiber volume (0.2mm,
blue arrow).
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Projectome Initialization

BlueMatter’s initial projectome

estimate is selected from all STT

and TEND fibers [2] that meet the

Inclusion criteria for the Wakana

atlas [3] 0.1 0.2 0.3 0.4 0.5
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Lambda (blue arrow) 1s the
smallest weight to minimize
overfilling while negligibly
reducing data-fit (not shown).

We demonstrate the highest resolution projectome of the
human brain contains optic radiation and other pathways that
are frequently missed by local, greedy methods.
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