

    
      
          
            
  
ME-ICA: Multi-Echo Independent Components Analysis

The meica pipeline handles preprocessing and analysis of multi-echo functional magnetic resonance imaging (fMRI) data
and is distributed as open-source software.
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Introduction

meica preprocesses multi-echo datasets and applies multi-echo ICA based
on spatially concatenated echoes. It does so in the following steps:


	Calculates motion parameters based on images with highest contrast (usually the first echo)

	Applies motion correction and T2*-weighted co-registration parameters

	Applies standard EPI preprocessing (slice-time correction, etc.)

	Computes PCA and ICA in conjunction with TE-dependence analysis




Derivatives


	
	medn

	‘Denoised’ BOLD time series after: basic preprocessing,
T2* weighted averaging of echoes (i.e. ‘optimal combination’),
ICA denoising.
Use this dataset for task analysis and resting state time series correlation analysis.





	
	tsoc

	‘Raw’ BOLD time series dataset after: basic preprocessing
and T2* weighted averaging of echoes (i.e. ‘optimal combination’).
‘Standard’ denoising or task analyses can be assessed on this dataset
(e.g. motion regression, physio correction, scrubbing, etc.)
for comparison to ME-ICA denoising.





	
	*mefc

	Component maps (in units of delta S) of accepted BOLD ICA components.
Use this dataset for ME-ICR seed-based connectivity analysis.





	
	mefl

	Component maps (in units of delta S) of ALL ICA components.





	
	ctab

	Table of component Kappa, Rho, and variance explained values, plus listing of component classifications.













          

      

      

    

  

    
      
          
            
  
Installation

We recommend running containerized versions of meica to avoid dependency issues.
The Docker Engine [https://docs.docker.com/engine/installation/] appropriate for your system (i.e., linux, Mac OSX, or Windows) is required to access and run the container.

It is also possible to run a local or “bare-metal” meica if your system has AFNI [https://afni.nimh.nih.gov/] and python 2.7 or 3.4+ installed.
With a local python installation, we recommend using the Anaconda [https://docs.continuum.io/anaconda/install/] or Miniconda [https://conda.io/miniconda.html] package manager, as these allow for the creation of virtual environments [https://uoa-eresearch.github.io/eresearch-cookbook/recipe/2014/11/20/conda/].


Containerized versions

To access a containerized version of meica simply pull the latest Docker image.
This can be accomplished with the following command:

docker pull emdupre/meica:0.0.1




Local installation

Local installation requires the following dependencies:


	Python 2.7 or 3.4+

	AFNI



You can download meica to your local environment with the command pip install meica.
Alternatively, for “bleeding-edge” features you can clone the latest version of meica directly from GitHub.
To do so, git clone https://github.com/me-ica/me-ica.git.







          

      

      

    

  

    
      
          
            
  
Usage

ME-ICA minimally requires:


	acquired echo times (in milliseconds), and

	functional datasets equal to the number of acquired echoes.



But you can supply many other options, viewable with meica -h.


Command line options


Attention

Make sure your datasets have slice timing information in the header.
If not sure, specify a --tpattern option.
Check AFNI documentation of 3dTshift [http://afni.nimh.nih.gov/pub/dist/doc/program_help/3dTshift.html] to see slice timing codes.




Tip

FWHM smoothing is not recommended.
tSNR boost is provided by optimal combination of echoes.
For better overlap of ‘blobs’ across subjects, use non-linear standard space normalization with --qwarp.
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meica package


Subpackages



	meica.tests package
	Submodules

	meica.tests.test_meica module

	Module contents












Submodules




meica.alignp_mepi_anat module




meica.meica module




meica.t2smap module




meica.tedana module




Module contents


	
meica.afni_fname_parse(f, echo_ind=None)

	Filename parser for AFNI file types (.BRIK/.HEAD).
For AFNI file types, the space (e.g., +tlrc) is considered
as the file type.





	Parameters:	f (string) – the filename represented as a string


	Returns:	
	prefix (str) – the prefix for each filename, up to the echo number

	trailing (str) – any part of filename after echo up to extension

	ftype (str) – file type for the acquired functional datasets














	
meica.check_obliquity(fname)

	Generates obliquity (in degrees) of fname





	Parameters:	fname (str) – path to neuroimage


	Returns:	ang merit – angle from plumb (in degrees)


	Return type:	float










	
meica.find_CM(fname)

	Generates center of mass for fname

Will only use the first volume if a 4D image is supplied





	Parameters:	fname (str) – path to neuroimage


	Returns:	float, float, float


	Return type:	x, y, z coordinates of center of mass










	
meica.fname_parse(flist)

	Filename parser for AFNI and NIFTI files

Returns prefix from input datafiles (e.g., sub_001), trailing file part
(e.g., in BIDS spec, ‘_bold’), and filetype extension (e.g., .nii).
If AFNI format is supplied, will extract space (+tlrc, +orig, or +mni)
as filetype.





	Parameters:	flist (str / list) – list of filenames for acquired functional datasets.
if provided with a string, will coerce to list of length 1.


	Returns:	
	prefix (str) – the prefix for each filename, up to the echo number

	trailing (str) – any part of filename after echo number, up to file extension

	ftype (str) – extension or file type for the acquired functional datasets














	
meica.format_dset(inset)

	Parse input file specification as short- or longhand

Given a dataset specification (usually from options.input_ds), parse and
identify a file prefix, trailing file part, and file type.

Can handle ‘shorthand’ specification (with bash shell expansion), or
‘longhand’ specification (writing out each filename– in either a comma-
separated string _OR_ a list).





	Parameters:	inset (str) – filenames for acquired functional datasets


	Returns:	
	prefix (str) – the prefix for each filename, before the echo num

	trailing (str) – part of filename after echo number (in BIDS spec, ‘_bold’)

	ftype (str) – file type for the acquired functional datasets














	
meica.format_inset(inset, tes, e=2)

	Parse and create a setname for all output files.

Requires that files are available in the present working directory (in
order to assert that number of identified input datasets match the
specified number of echoes.)





	Parameters:	
	inset (str) – filenames for acquired functional datasets

	tes (str) – acquired TEs

	e (int) – exemplar echo, default second acquired echo






	Returns:	
	dsname (str) – dataset name

	setname (str) – name to be “set” for any output files
















	
meica.format_tes(tes)

	Identify the number of echoes acquired based on the provided TEs.

Supports TE specification as comma-separated string _OR_ list.





	Parameters:	tes (str) – acquired TEs


	Returns:	echo_nums – a list of the number of echoes collected (e.g., [1, 2])


	Return type:	list










	
meica.gen_script(options)

	Parses input options to generate working ME-ICA script based on inputs





	Parameters:	options (argparse) – from get_options()


	Returns:	list


	Return type:	ME-ICA script for input data










	
meica.get_dsname(inset, tes, e)

	Return the filename for the specified echo.





	Parameters:	
	inset (str) – filenames for acquired functional datasets

	tes (str) – acquired TEs in milliseconds

	e (int) – echo to find filename, default second acquired echo






	Returns:	dsname – filename name of specified echo




	Return type:	str












	
meica.get_setname(inset, tes)

	Return the dataset prefix for any created derivatives





	Parameters:	
	inset (str) – filenames for acquired functional datasets

	tes (str) – acquired TEs in milliseconds

	e (int) – echo to find filename, default second acquired echo






	Returns:	setname – prefix to be “set” for any created output files




	Return type:	str












	
meica.nii_convert(f)

	Converts a given file type to a gzipped-nifti.


Parameters



	fname : str

	The full filename of the file to be converted







	Returns:	nii_fname – The .nii.gz filename to be returned


	Return type:	str










	
meica.nii_fname_parse(f, echo_ind=None)

	Filename parser for NIfTI file types (.nii; can also handle
gzipped nii files).





	Parameters:	f (string) – the filename represented as a string


	Returns:	
	prefix (str) – the prefix for each filename, up to the echo number

	trailing (str) – any part of filename after echo up to extension

	ftype (str) – file type for the acquired functional datasets
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