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Studying the human brain:
Quantitative magnetic resonance imaging and artificial intelligence



THE SNI WAS INITIATED BY PRESIDENT HENNESSY (2013)

The potential of this inquiry may transform 

the ways we educate our children, treat 

illness, seek justice, or pursue innovation.”

“ How our brains enable us to feel, think 

and act is among the most exciting and 

consequential problems in all of science. 



Stanford Neurosciences Institute – the new building

25 research labs (10 new hires)
Theory center (6 PIs)

Campus hub for 200 neuroscience labs



Stanford Neurosciences Institute – the new building

SNI Executive Committee
Bill Newsome, 
Brian Wandell, 
Rob Malenka, Scott Delp, 
Marion Buckwalter



STANFORD’S CENTER FOR COGNITIVE AND NEUROBIOLOGICAL IMAGING (CNI)

The CNI’s Mission

• Support neuroscience discovery for enhancing society

• Develop and disseminate imaging methods

• Create a structured, safe, and innovative teaching 

environment for human neuroscience research



MRI Installation November 13, 2010



MRI Installation November 13, 2010



The CNI is now the most active MRI research scanner on Stanford campus

More than 40 research groups 
and 200 grants

More than 1050 students and 
postdocs trained

Users from Med School, Basic 
Sciences, Engineering, Ed School 

and Business School

CNI Investigators CNI Data

Scanner uptime estimated at 99%

27,000 anatomicals

73,000 functional acquisitions

7400 diffusion scans

100T of MRI data just at this one 
center



CNI:  Principles and technologies

• Quantitative MRI

• Data and artificial intelligence tools

• Commercial collaborations



Quantitative MRI: Multiple sclerosis diagnosis

• Historically, MRI in Radiology has been 
a qualitative field

• This image illustrates a well-known type 
of diagnosis

• The doctor sees the image and notices 
that there are surprising white regions, 
called UBOs

• S/he measures the number and area of 
these white regions and calls it the 
‘burden’

UBO



Quantitative MRI – measure the substrate based on biophysical principles

• Every region of the brain includes water and 
other, larger, molecules

• Typical magnetic resonance (T1) measures 
energy transfer between both water and other 
macromolecules

• With modern methods we can now quantify 
in each 1 mm3 voxel what fraction is 
water and make quantitative measures 
about the macromolecules

Brain 
tissue

T1(water) }{ T1(molecules) ,T1(measured)  



Quantitative MRI: new opportunities in mental health care

Different data acquisition sites around the world• New applications for MRI 
• Psychiatric disorders
• Reading and learning disorders
• The effect of drug therapies on 

neurodegenerative diseases …

• Quantitative and labeled data
• Machine learning applications
• Comparisons across

instruments, people and over
time

New software tools are needed to enable this advance



I founded a commercial venture, Flywheel.io, to implement the vision



Research Data Management Solution

Curate Compute CollaborateCapture

Core 
Facilities Labs Clinical 

Research
Clinical 
Trials

Regulatory Compliance
Cloud or On Premises Deployment

Multi-Modality Imaging

Any Research Data

Metadata

Machine Learning

Imaging Research

Multi Center Studies



Visualization and Artificial Intelligence 

Labeling



Overview
15,000  scan sessions
7,500 subjects
40         research groups

Data acquisitions
75,000 fMRI
25,000 Anatomical (T1)
7500   Diffusion

640    Spectroscopy

Stanford CNI



Commercialization adoption

“Flywheel, together with the Google Cloud Platform, 
are the nervous center of our Center, providing the 
innervation for the many coordinated functions of a 
modern, distributed laboratory potentially spanning 
the world,” 

“Leveraging the power of the cloud is obvious and 
central to the future of scientific investigation.”

Professor Thomas Vaughan, Director
Columbia MR Research Center 
Zuckerman Institute



Flywheel Customers, Partners, Collaborators



Google Cloud Partner
Google Next Partner Summit



Cloud-scale collaborative science

• Quantitative MRI for generalization 
across instruments, time, and people

• Data management from multiple 
universities and research hospitals

• Computational support, including 
machine-learning, for science and 
precision health



"Good enough" 
home-grown solutions

• Massive data
• Analytic Complexity
• Machine Learning
• Multi-modality
• Distributed projects
• Sharing requirements
• Open science
• Security & Privacy
• Reproducibility

Observational Experimental Computational

Research Complexity is Increasing

Market Today
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