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Concussion
Multiple Sclerosis

Autism Spectrum 
Disorder

Normal brain 
development

Today’s in vivo imaging tools to 
assess the brain are limited
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Focus on symptoms Focus on the underlying neural 
basis of the disorder.

Diagnose patients based on the 
location of the disconnections.

Diagnose patients on the effect 
of the disconnections

Traditional (historical) 
approach in Neurology

What we should do

Cost of mental illness: ~$317 billion per year (Insel 2008)
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Multiple Sclerosis

Autism Spectrum 
Disorder

Normal brain 
development

Concussion

Need to characterize neural circuits

• Concussion, MS, ASD: 
Disconnection syndromes (?)

• Need to assess the microstructural integrity of 
brain connections
Axonal loss? Inflammation? Demyelination? Remyelination? 
Atypical wiring of the brain? 
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Diffusion-weighted Imaging (DWI)
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CT MRI-PD MRI-T2 DWI

Originally developed for assessing strokes

Assessment of the restrictions and hindrances to 
water diffusion in biological tissues

Free diffusion Restricted diffusion
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Diffusion-weighted Imaging

2nd Generation DWI

Assessment of the 4-D diffusion in each pixel
• Varying diffusion orientations 
• Varying diffusion length scales 

Large amount 
of data

Each image: 3-D

Provides in vivo insight into the architecture 
and microstructure of neural circuits
(the “wires” of the brain)
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Diffusion tensor imaging (DTI)
Over-simplified summary of 
the diffusion in voxels

Myelin Astrocyte

Oligodendrocyt
e

Microglia

AxonTensor
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Limited information
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Scientific Contribution:
Diffusion Compartment Imaging (DCI)
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Free 

diffusion

Restricted anisotropic 

diffusion

Hindered 

anisotropic 

diffusion

Restricted 

isotropic 

diffusion

One voxel:

Disentangle the various types of diffusion within voxel 
=> Non invasive characterization of properties of neural circuits
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Diffusion-weighted Imaging
We have developed a novel diffusion-weighted imaging technique

Conventional technique

Diffusion Tensor Imaging 
(DTI)

Scientific contribution

Diffusion Compartment 
Imaging (DCI)

Summarizes the diffusion with 
an oversimplified model

Description of each type of diffusion 
in each 3-D pixel

Characterizes each 
pixel of the 3-D image 

of the brain 
Limited information

Characterizes properties of 
each neural circuit

Highly specific information
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(Some mathematics…)

11
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Diffusion Compartment Imaging
(Healthy Subject)

Unprecedented characterization of neural circuits
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Diffusion Compartment Imaging
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Diffusion Compartment Imaging
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Diffusion Compartment Imaging 
in Concussion

Fascicles’ orientation Volume of free water Increased volume of free water 
within the lesion

Reduction of 50% of the axons in 
the corpus callosum

 Suggest diffuse axonal injury leading to axonal death, 
while the remaining axons remain unchanged
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But…

Originally a few days of 
computations for each case…

16
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Technical goals:

• Improve cache performance, 
vectorization performance and multi-
threading performance for Intel® 
Xeon® processors 

• Improved data structures

• Improved algorithms

• Open source implementations

17

The Computational Radiology Laboratory at Boston Children’s 
Hospital,

An                Parallel Computing Center 

 Modernize medical image computing
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Programming environment

Diffusion Compartment 
Imaging Estimation

Filter
Large 4-D dataset 
for each patient
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Programming environment

Diffusion Compartment 
Imaging Estimation

=

Decomposition

Data group

data cell

data cell
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Improvements
Diffusion Compartment Imaging Estimation

Intel® Xeon(R) CPU E5-2697 v2 @ 2.70GHz × 24 core, 2 sockets,  image 2x2x2mm3

• Single core: 43h06m21s
• Parallelization v1: 03h02m02s
• Memory optimization: 01h43m31s
• Vectorization: 01h32m38s
• TBB filter, dynamic pool:  01h07m26s
• Flexible TBB decomposition: 55m23s
• Optimizer improvement: 38m27s
• Intel compilation flag: 34m14s

• Intel® Xeon Platinum™ 8160 23m53s
(Skylake 8160, 24 cores, 2.1Ghz nominal, 2 sockets)

x14.2

x1.76

x1.12

x1.37

x1.22
X7.4 x105

x1.44

x1.12

x1.4

Optimization Notice: Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations.  Intel 
does not guarantee the availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific to 
Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the specific instruction sets covered by this notice. Software and workloads used in performance tests may have 
been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software, operations and functions. Any change to any of those factors may cause 
the results to vary. You should consult other information and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product when combined with other products.  
For more complete information visit: http://www.intel.com/performance Source: Intel measured as of May 2018.

https://urldefense.proofpoint.com/v2/url?u=http-3A__www.intel.com_performance&d=DwMFAg&c=qS4goWBT7poplM69zy_3xhKwEW14JZMSdioCoppxeFU&r=spboX-Qn5Dn-uyspT__O0BtpSEF5erHIiRAwdzSaa_QAQ58afxHcHSMuB76pSgfl&m=-e1QX6Yi5O0zZCKlHCQCfv2j5-OzmDTP98_Wxez7IgU&s=3wC3U6vPTPlqlYTRgJe0dtSwH7mNm9y7mZ5WeYJ63y8&e=
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Image Resolution: 2x2x2mm3

Intel® Xeon Platinum™ 8160 Skylake, 24 cores, 2 sockets,  Stampede2, TACC – Texas Advanced Computing Center

Optimization Notice: Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations.  Intel 
does not guarantee the availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific to 
Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the specific instruction sets covered by this notice. Software and workloads used in performance tests may have 
been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software, operations and functions. Any change to any of those factors may cause 
the results to vary. You should consult other information and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product when combined with other products.  
For more complete information visit: http://www.intel.com/performance Source: Intel measured as of May 2018.

https://urldefense.proofpoint.com/v2/url?u=http-3A__www.intel.com_performance&d=DwMFAg&c=qS4goWBT7poplM69zy_3xhKwEW14JZMSdioCoppxeFU&r=spboX-Qn5Dn-uyspT__O0BtpSEF5erHIiRAwdzSaa_QAQ58afxHcHSMuB76pSgfl&m=-e1QX6Yi5O0zZCKlHCQCfv2j5-OzmDTP98_Wxez7IgU&s=3wC3U6vPTPlqlYTRgJe0dtSwH7mNm9y7mZ5WeYJ63y8&e=
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The resolution of images is increasing

• Benchmarking done with conventional 8 mm3 voxel images
(128x128x71 voxels)

• We can see more structure with 1 mm3

voxel images   (256x256x142 voxels)

→ Processing times:

22

4x4x4mm3 1x1x1mm3

Single core version 
on Intel® Xeon® : 344h50m 
(>14d)

Parallelization v1 
on Intel® Xeon® : 24h16m (1d)

Other improvements 
on Intel® Xeon® : 4h33m

Intel® Xeon Platinum™ 8160 :    2h32m x150
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Allows large scale processing
Pediatric Imaging, Neurocognition and Genetics (PING) dataset

23

• 698 scans from the PING database

– Single shell HARDI DWI with a prior

• Computation at the National Energy Research 
Scientific Computing Center (NERSC) 
Haswell and Ivy Bridge nodes

• Real processing time spent: 
328 days

• Single processor equivalent time 
(from system’s ticks) : 
6504 days, ~ 17.8 years!
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Transforming the 
Practice of Radiology

24
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Quantitative Cohort Comparison

Big data analysis

• Brain microstructure characterization in ASD

[Taquet et al., 2014]
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Understanding Neural Circuits

Human Connectome Project (HCP)

• Mapping the structural and functional connections
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Connectivity fingerprint of the fusiform gyrus
in Autism

27

High AOSI (higher risk of ASD)

Low AOSI
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White matter maturation in Autism

28



Intel AI DevCon 2018, Palace of Fine Arts, San Francisco 29

Neural Circuitry in the Individual

Surgical planning

• Navigation to preserve neural circuits.
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Fetal MRI : motion compensation
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Post-reconstruction processing

• Extract brain (semi-automatic)  intracranial volume

Simultaneous reconstruction and brain extraction (automatic)

• Correct intensity non-uniformity due to B1 field inhomogeneity

• Register to a common coordinate system (template or atlas)

• A normative spatiotemporal MRI template (22 to 38 weeks GA)

• Atlas labels for fetal brain MRI segmentation

– Quantitative volumetric and surface-based individual and group 
analysis

1. Average 
all scans

2. Reconstruct 
SR volume

3. Reorient 
in 3D
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Spatiotemporal fetal brain MRI atlas

A spatiotemporal MRI atlas constructed from 80 normal 
fetuses in the gestation age range of 21 to 39 weeks

28 weeks              31 weeks                 34 weeks                   37 weeks
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Real-time fetal brain extraction

A U-net style deep neural network trained using 250 
stacks (~7000 slices) with manual brain masks
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Example 1: typical motion
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Example 2: substantial fetal motion
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Example 3: noisy scan with motion
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Real-time 3-D pose estimation 

Alignment of each slice / Alignment to Atlas
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A little bit of geometry!

Rotation matrix: 𝑅3x3 ,

 𝜈

 
𝑂𝑟𝑡ℎ𝑜𝑔𝑜𝑛𝑎𝑙
𝑑𝑒𝑡𝑅 = 1 3 DOFs

Axis-angle Representation: Rotation vector 𝜈
with axis of rotation  𝜈 and an angle around it 𝜃.

Where: 

Rotation Matrix ↔ Axis-angle

Rodrigues’ rotation formula
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Network Architecture: 
(1) Slice-to-Volume Pose Estimation

39
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(2) Volume-to-Volume Pose Estimation

40

Pose-Net: Correction-Net:

3D Feature Extraction:

Reference
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Training

41

36 Reconstructed image (26-37 weeks)

–5,400,000 slices for Slice To Volume Training

–180,000 volumes for Volume To Volume Training

Random Rotation 
Matrices

Network

Estimate Rotation 
Matrices Calculate 

Error
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Slice-to-Volume Pose Estimation

42
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Volume-to-Volume Pose Estimation

43



Intel AI DevCon 2018, Palace of Fine Arts, San Francisco

Generalization Over Contrasts

44
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Conventional T2 TSE of FCD from 3T MRI

Voxel size 0.5x0.5x2.5 cubic mm
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MR Image Reconstruction

• Optimal reconstruction requires precise knowledge of the coil spatial 
sensitivity and the noise covariance structure of the array of coils.

• Approximations used in practice limit the sensitivity, as they are 
appropriate only in the high SNR regime.

• We developed improved coil to coil covariance structure estimation, 
and coil sensitivity profile estimation.

• We account for time varying properties of the scanner that occur 
during long acquisitions.

• About 1TB of raw data on a 64 channel head coil, long image 
reconstruction time. 
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In Vivo High Resolution MRI of FCD

Improved detection and determination of the extent of the FCD
Voxel size 0.5x0.5x0.5 cubic mm
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GM Signal 
heterogeneity

Tail-like FCD visible in two 
planes.

Imaging data from offline reconstruction at
0.5x0.5x0.5 cubic mm.

In Vivo High Resolution MRI of FCD
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EEG/MEG Source Imaging

• Noninvasive measurements

128 channel EEG

MEG
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Invasive Source Localization
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3D visualization of electrodes
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Right Frontal

Right Parietal

Ground

Left great toe
Left leg
Left torso and arm extension
Left wrist
Left arm movement (flicker)
Arousal with both arms abducted
Face- Jaw closure with left side of face

Cortical stimulation

and SSEPs
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Right
SSEP
Motor
RF 29

Common 
seizure spread
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Cumulative Activity Maps
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We develop medical image computing solutions for clinical 
needs that arise from imaging of patients. We have a range of 
challenging visualization and analysis problems, that arise from 
sophisticated imaging and modeling strategies, from multiple 
sclerosis and concussion, to fetal MRI and epilepsy. AI is 
enabling rapid translation from research to clinical impact.

56

an Intel® Parallel Computing Center



This document contains information on products, services and/or processes in development. All information provided here is subject to change without 
notice. Contact your Intel representative to obtain the latest forecast, schedule, specifications and roadmaps.

Intel technologies’ features and benefits depend on system configuration and may require enabled hardware, software or service activation. Learn more at 
intel.com, or from the OEM or retailer. No computer system can be absolutely secure. 

Tests document performance of components on a particular test, in specific systems. Differences in hardware, software, or configuration will affect actual 
performance. Consult other sources of information to evaluate performance as you consider your purchase. For more complete information about 
performance and benchmark results, visit http://www.intel.com/performance.

Cost reduction scenarios described are intended as examples of how a given Intel-based product, in the specified circumstances and configurations, may 
affect future costs and provide cost savings. Circumstances will vary. Intel does not guarantee any costs or cost reduction.

Statements in this document that refer to Intel’s plans and expectations for the quarter, the year, and the future, are forward-looking statements that involve 
a number of risks and uncertainties. A detailed discussion of the factors that could affect Intel’s results and plans is included in Intel’s SEC filings, including 
the annual report on Form 10-K.

The products described may contain design defects or errors known as errata which may cause the product to deviate from published specifications. Current 
characterized errata are available on request.  

Performance estimates were obtained prior to implementation of recent software patches and firmware updates intended to address exploits referred to as 
"Spectre" and "Meltdown."  Implementation of these updates may make these results inapplicable to your device or system.

No license (express or implied, by estoppel or otherwise) to any intellectual property rights is granted by this document.

Intel does not control or audit third-party benchmark data or the web sites referenced in this document. You should visit the referenced web site and confirm 
whether referenced data are accurate. 

Results have been estimated or simulated using internal Intel analysis or architecture simulation or modeling, and provided to you for informational purposes. Any differences 
in your system hardware, software or configuration may affect your actual performance.

Intel, the Intel logo, Pentium, Celeron, Atom, Core, Xeon, Movidius, Saffron and others are trademarks of Intel Corporation in the U.S. and/or other countries. 
*Other names and brands may be claimed as the property of others. 

© 2018 Intel Corporation. 

notices & disclaimers

http://www.intel.com/performance

