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Region-of-interest Analysis of Parcellated Imaging Data
Reducing inter-subject anatomical variability 

 
ARtifact detection Tools

Quality assurance

MATLAB-based
SPM-focused
Lab-centric
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Neuroimaging Pypelines distribution

- Write it in C/C++
- Wrap it with swig/mex
- Distribute with MatlabRuntime

solutions?

or more problems?

- Code maintenance
- Code readability
- Interoperability
- Data formats



Neuroimaging Pypelines data formats

SPM
nii (3D/4D)

img/hdr (analyze, nifti)
MAT (matlab)

FSL
nii(.gz)

FreeSurfer
nii(.gz)
mgh(gz) 



Neuroimaging Pypelines goals (part i)

Easy to program and document

Good numerical support

Cross-platform

Easy to distribute

Existing neuroimaging infrastructure
(support for multiple data formats)



Neuroimaging Pypelines

python!



Neuroimaging Pypelines python



Neuroimaging Pypelines python

•	  	  High-‐level	  language	  (encourages	  code	  reuse)
•	  	  Well-‐designed	  language
•	  	  Cross-‐pla8orm
•	  	  Implementa<ons	  are	  freely	  available
•	  	  Extensive	  community	  and	  commercial	  support
•	  	  Strong	  numerical	  and	  scien<fic	  compu<ng	  support
•	  	  Interac<ve	  command	  line	  (instant	  development)
•	  	  Test-‐Driven	  Development
•	  	  Documenta<on	  genera<on	  made	  easy	  



Neuroimaging Pypelines scientific python

ipython scipy + numpy networkx

sympy matplotlib mayavi + tvtk



Neuroimaging Pypelines scipy+numpy

scipy:
statistics
optimization
numerical integration
linear algebra
Fourier transforms
signal processing
image processing
genetic algorithms
ODE solvers
special functions

numpy:
a powerful N-dimensional array object
• basic linear algebra functions
• basic Fourier transforms
• sophisticated random number 

capabilities
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Neuroimaging Pypelines networkx
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Neuroimaging Pypelines sympy



Neuroimaging Pypelines ipython

interactive shell with history
but comes with a lot of magic

kernel for distributed computation
(ssh, mpi, torque and threading)
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interactive shell with history
but comes with a lot of magic

kernel for distributed computation
(ssh, mpi, torque and threading)



Neuroimaging Pypelines compneurobiopy

mdp visionegg mgl vision

pymvpa pyschopy biopython



Python



Neuroimaging Pypelines NiPy

http://nipy.sourceforge.net/

image courtesy dr. arno klein



Neuroimaging Pypelines why

Camba

LONI
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Neuroimaging Pypelines goals (part ii)

•	  Lightweight
•	  Open-‐source,	  community	  supported	  and	  developed
•	  Extensible	  (plugin)	  framework	  based	  on	  a	  high-‐level	  language
•	  Integrates	  different	  neuroimaging	  soLware	  (FSL,	  SPM,	  etc.,.)
•	  Interoperability	  (including	  SPM)	  
•	  Distributed,	  non-‐redundant	  processing
•	  Minimize	  data	  redundancy
•	  Bring	  consistency,	  repeatability	  and	  clarity	  into	  analysis
•	  Teaching	  tool
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Target three levels of users

drag and droppers
scripters
coders 
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Interfaces
Algorithms
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Algorithms



Neuroimaging Pypelines architecture

Pipeline

NodeWrapper

Interfaces
Algorithms

Interfaces
Algorithms



Neuroimaging Pypelines the atoms

Interfaces + Algorithms

•	  Provides	  wrappers/interfaces	  to	  
call	  external	  soLware	  (e.g.,	  SPM,	  FSL)
•	  Each	  process	  defines	  its	  own	  inputs	  
and	  outputs
•	  Provides	  informa<on	  about	  the	  
execu<on	  of	  the	  underlying	  process



Neuroimaging Pypelines the atoms

Interfaces + Algorithms

•	  Provides	  wrappers/interfaces	  to	  
call	  external	  soLware	  (e.g.,	  SPM,	  FSL)
•	  Each	  process	  defines	  its	  own	  inputs	  
and	  outputs
•	  Provides	  informa<on	  about	  the	  
execu<on	  of	  the	  underlying	  process

Interface
|-‐-‐	  CommandLine
	  	  	  	  	  |-‐-‐	  MatlabCommandLine



Neuroimaging Pypelines Examples

Example. Interfaces



Neuroimaging Pypelines inventory
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Model	  
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Optimized 
processing

•	  Processing	  pipeline	  represented	  as	  
a	  directed	  acyclic	  graph	  (DAG)
•	  Leverages	  graph	  algorithms	  for	  
scheduling
•	  Each	  process	  defines	  its	  own	  inputs	  
and	  outputs	  and	  wraps	  external	  
soLware	  (SPM,	  FSL)
•	  Separates	  data	  specifica<on	  and	  
code	  execu<on
•	  Can	  iterate	  pipeline-‐segment	  over	  
parameteriza<ons	  of	  modules	  	  

Neuroimaging Pypelines the pipeline



Neuroimaging Pypelines nodes



Neuroimaging Pypelines nodes
the wrapper



Neuroimaging Pypelines edges
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Neuroimaging Pypelines challenges

- Translate data formats.  Ideally no conversion node
- Easily change interfaces with similar functionalityInteroperability

- There are still python components in scripts
- Syntax needs to be semantically cleaner
- A more visual interface is needed

Usability

- What happens when things break?
- Are we responsible for FSL support?
- How can we help users ask the right questions

Debugging

- Using Sphinx is a good start
- How do maintain it as external executables change?Documenta<on

- How do we maintain available interfaces?
- How do we handle deprecation and addition?Maintenance

- Reliance on third party software
- What if they change delivery platform?Dependence



Neuroimaging Pypelines future

•	  More	  interfaces
•	  XNAT	  compa<bility	  through	  pyxnat
•	  Traited/trait-‐like	  input	  checking
•	  Web	  interface
•	  Amazon	  web-‐services	  compa<bility

technical

•	  Publica<ons	  adding	  nipype	  scripts/
graphs	  as	  supplementary	  material
•	  Collabora<ve	  development
•	  Self-‐sustaining

social



Neuroimaging Pypelines

email from cindee madison, nipy(pe) developer

http://research.microsoft.com/en-us/collaboration/fourthparadigm/

http://research.microsoft.com/en-us/collaboration/fourthparadigm/
http://research.microsoft.com/en-us/collaboration/fourthparadigm/


•	  Generalizable	  framework	  for	  neuroimaging	  analysis
•	  Integrates	  several	  neuroimaging	  soLware
•	  Python-‐based	  (easy	  to	  learn,	  easy	  to	  use)
•	  Pedagogical	  (you	  should	  know	  what	  was	  done)
•	  Engages	  the	  community	  (opensource)

Neuroimaging Pypelines summary


