

    
      
          
            
  
4dfp docs

This website is intended to provide up-to-date documentation on Avi Snyder’s 4dfp suite of tools. Currently, it contains usage information for the tools, as well as explanations of the inputs, outputs, and processing steps for BOLD preprocessing scripts. It is a work in progress, with plans to add more worked examples and detailed documentation of additional scripts in the near future. In addition, we plan to pair it with a searchable community discussion site.

This work was performed by Dr. Avi Snyder, Haley Acevedo and Jon Koller and generously supported by the NIL, NIAC, McDonnell Center for Systems Neuroscience and the Psychiatry, Radiology, Neurology and Psychological and Brain Sciences Departments at WU.
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4dfp format

The 4dfp (4-dimensional floating point) format was designed for functional neuroimaging. The four dimensions typically correspond to x, y, z, and time. Three dimensional structural images can be represented in 4dfp format by setting the depth of the fourth dimension to 1.


Note

NIfTI and 4dfp images are ALWAYS y-flipped to each other. Be sure to use 4dfp tools to convert back and forth, so that this is accounted for.



The voxel data are stored in the form of a binary image as one UNIX file.
Consequently, 4dfp images may be directly loaded and viewed using IDL, matlab, fsleyes, etc. Information critical to interpreting the binary data (e.g., orientation, image dimensions, voxel dimensions) are stored in separate header file(s).
The 4dfp UNIX file name convention is demonstrated below, where filename is any valid filename string:

<filename>.4dfp.img             # binary float voxel data
<filename>.4dfp.ifh             # interfile header (ASCII text)
<filename>.4dfp.hdr             # ANALYZE 7.5 header (binary)
<filename>.4dfp.img.rec         # creation history





All 4dfp based image analysis programs used at the Washington University School of Medicine Neuroimaging Laboratory (NIL) read/write interfile headers. The minimal 4dfp format is comprised of the binary image data (.img) and the interfile header (.ifh). All NIL image analysis programs maintain an additional rec file (.img.rec), which records the image creation history.

The voxel data are stored in the form of a binary image as one UNIX file.
Consequently, 4dfp images may be directly loaded and viewed using IDL, matlab, fsleyes, etc. Information critical to interpreting the binary data (e.g., orientation, image dimensions, voxel dimensions) are stored in separate header file(s).
The 4dfp UNIX file name convention is demonstrated below, where filename is any valid filename string:

<filename>.4dfp.img             # binary float voxel data
<filename>.4dfp.ifh             # interfile header (ASCII text)
<filename>.4dfp.hdr             # ANALYZE 7.5 header (binary)
<filename>.4dfp.img.rec         # creation history





All 4dfp based image analysis programs used at the Washington University School of Medicine Neuroimaging Laboratory (NIL) read/write interfile headers. The minimal 4dfp format is comprised of the binary image data (.img) and the interfile header (.ifh). All NIL image analysis programs maintain an additional rec file (.img.rec), which records the image creation history.


Image data

The 4dfp file format was developed to manage human head images acquired with a Siemens MRI scanner. The imato4dfp utility converts Siemens slice-based image (.ima) files into 4dfp format. This is accomplished by extracting (without reordering) the stored pixel values, converting short int to to float and writing the results to the 4dfp image file. Within each 3D volume the Siemens .ima files are read in order of decreasing image number.

Certain 4dfp conventions, especially regarding image orientation, reflect the Siemens Numaris operating system. For all acquisitions, including
oblique and double oblique, Numaris determines the principal orientation.
It is this orientation that appears in the interfile header and to which following table refers. The orientation-dependent axis flips required to display 4dfp image data in conventional radiologic orientation are tabulated below. It is assumed that the display is written left-to-right and bottom-to-top as in analyze_avw. It is also assumed that the image was acquired with the subject positioned in the scanner head-first and supine.








	Acquired orientation

	Flip axes

	First voxel (after flipping)





	2 (axial)

	y

	right occipital skull-base



	3 (coronal)

	y z

	right skull-base occipital



	4 (sagittal)

	x y z

	occipital skull-base right






The above enumerated axis flips may be effected in analyze_avw at 4dfp image load time. Alternatively, 4dfp format may be converted to ANALYZE 7.5 format using the 4dfptoanalyze utility which automatically performs the indicated axis flips as it converts the voxel value number format from float to short int. 4dfp image data loaded into analyze_avw as prescribed above will be consistently resliced by analyze_avw. That is, all Siemens acquisition orientations will be consistently displayed in all analyze orientations (transverse, coronal, sagittal).


Note

x, y, and z denote voxel indices as ordered in memory. That is, if the x, y, and z indices run from 0 to nx-1, 0 to ny-1, and 0 to nz-1, then coordinate (x,y,z) is stored relative to the first voxel of each frame at offset x + nx*(y + ny*z).





Interfile header

The following is a listing of a 4dfp interfile header file (vm6c_b1.4dfp.ifh).
The image data (vm6c_b1.4dfp.img) were acquired in one 128 frame fMRI run.
Each frame has dimensions 64 x 64 x 18, The acquired voxels are 3 mm cubic.

version of keys                 := 3.3
number format                   := float
conversion program              := nifti_4dfp
name of data file               := T1w_acpc_dc.4dfp.ifh
number of bytes per pixel       := 4
imagedata byte order            := littleendian
orientation                     := 2
number of dimensions            := 4
matrix size [1]                 := 260
matrix size [2]                 := 311
matrix size [3]                 := 260
matrix size [4]                 := 1
scaling factor (mm/pixel) [1]   := 0.700000
scaling factor (mm/pixel) [2]   := 0.700000
scaling factor (mm/pixel) [3]   := 0.700000
mmppix                          := 0.700000     -0.700000       -0.700000
center                          := 92.0000      -91.7000        -110.0000





Various image analysis programs may make use of additional interfile header fields. The minimal set of fields required to interpret the voxel data is listed below:

number format                   := float
number of bytes per pixel       := 4
orientation                     := 3
number of dimensions            := 4
scaling factor (mm/pixel) [1]   := 3.000000
scaling factor (mm/pixel) [2]   := 3.000000
scaling factor (mm/pixel) [3]   := 3.000000
matrix size [1]                 := 64
matrix size [2]                 := 64
matrix size [3]                 := 18
matrix size [4]                 := 128







rec file

The rec file format was designed to capture the creation history of each
particular 4dfp image. This is accomplished automatically provided that each UNIX executable which creates 4dfp output also produces a corresponding rec file. Rec files are ASCII text with the following format

rec <filename>.4dfp.img `date` `user`
UNIX command line which created <filename>.4dfp.img
rcs $Id$ (program revision code)
image/program specific processing information
...
rec file[s] corresponding to antecedent input 4dfp images
endrec `date` `user`





The critical feature of the rec file convention is inclusion of antecedent rec files at all stages of processing. It follows that rec files corresponding to averaged images may grow large. The key words “rec” (first field of first line) and “endrec” (first field of last line) guarantee secure parsing of the accumulated processing history. The following is a listing of the rec file corresponding to the above illustrated interfile header after being passed through rmspike_4dfp and deband_4dfp

rec vm6c_b1_rmsp_dbnd.4dfp.img  Thu May 18 17:16:23 2000  avi
/data/petsun4/data1/solaris/deband_4dfp -n4 vm6c_b1_rmsp
$Id: deband_4dfp.c,v 1.8 1999/11/20 00:55:49 avi Exp $
Frame          1 slice multipliers: even=0.837060 odd=1.162940
Frame          2 slice multipliers: even=0.997099 odd=1.002901
Frame          3 slice multipliers: even=0.985484 odd=1.014516
Frame          4 slice multipliers: even=0.986583 odd=1.013417
Functional frame slice multipliers: even=0.986982 odd=1.013018
rec vm6c_b1_rmsp.4dfp.img  Thu May 18 17:16:13 2000 avi
/data/petsun4/data1/solaris/rmspike_4dfp -n4 -x33 vm6c_b1
$Header: /data/petsun4/src_solaris/rmspike_4dfp/RCS/rmspike_4dfp.c,v 2.6 1997/05/23 00:49:24 yang Exp $
No spike found in vm6c_b1.4dfp.img
rec vm6c_b1.4dfp.img  Thu May 18 17:15:18 2000  avi
/data/petsun4/data1/solaris/imato4dfp2 -fy /data/petsun23/vm6c/siem_im/bold1/5250 7 7 vm6c_b1
$Id: imato4dfp2.c,v 1.12 2000/05/05 00:56:18 avi Exp $
patient_id:             vm6c
institution:            Washington University
manufacturer_model:     MAGNETOM VISION
parameter_file_name:    Initialized by sequence
sequence_file_name:     /usr/users/tec/nbea_uc_tg2.ekc
sequence_description:   ep_fid   90     TR    135.2     TE   37.0/1
tilts:                  Cor>Tra -12
4dfp_dimensions:        64        64        18        128
voxel_dimensions:       3.000000  3.000000  3.000000
scan_date:              22-FEB-1999
scan_time:              14:06:33-14:06:33
endrec Thu May 18 17:15:18 2000  avi
endrec
endrec Thu May 18 17:16:26 2000  avi





The brec (beautify rec file) utility parses rec files and writes to stdout a more easily readable version of the text. Here is the above rec file filtered through brec

1rec vm6c_b1_rmsp_dbnd.4dfp.img  Thu May 18 17:16:23 2000  avi
1      /data/petsun4/data1/solaris/deband_4dfp -n4 vm6c_b1_rmsp
1      $Id: deband_4dfp.c,v 1.8 1999/11/20 00:55:49 avi Exp $
1      Frame          1 slice multipliers: even=0.837060 odd=1.162940
1      Frame          2 slice multipliers: even=0.997099 odd=1.002901
1      Frame          3 slice multipliers: even=0.985484 odd=1.014516
1      Frame          4 slice multipliers: even=0.986583 odd=1.013417
1      Functional frame slice multipliers: even=0.986982 odd=1.013018
2      rec vm6c_b1_rmsp.4dfp.img  Thu May 18 17:16:13 2000 avi
2            /data/petsun4/data1/solaris/rmspike_4dfp -n4 -x33 vm6c_b1
2            $Header: /data/petsun4/src_solaris/rmspike_4dfp/RCS/rmspike_4dfp.c,v 2.6 1997/05/23 00:49:24 yan
2            No spike found in vm6c_b1.4dfp.img
3            rec vm6c_b1.4dfp.img  Thu May 18 17:15:18 2000  avi
3                  /data/petsun4/data1/solaris/imato4dfp2 -fy /data/petsun23/vm6c/siem_im/bold1/5250 7 7 vm6c
3                  $Id: imato4dfp2.c,v 1.12 2000/05/05 00:56:18 avi Exp $
3                  patient_id:  vm6c
3                  institution:         Washington University
3                  manufacturer_model:   MAGNETOM VISION
3                  parameter_file_name:  Initialized by sequence
3                  sequence_file_name:  /usr/users/tec/nbea_uc_tg2.ekc
3                  sequence_description:        ep_fid   90     TR    135.2     TE   37.0/1
3                  tilts:               Cor>Tra -12
3                  4dfp_dimensions:             64        64        18        128
3                  voxel_dimensions:    3.000000  3.000000  3.000000
3                  scan_date:   22-FEB-1999
3                  scan_time:   14:06:33-14:06:33
3            endrec Thu May 18 17:15:18 2000  avi
2      endrec
1endrec Thu May 18 17:16:26 2000  avi









          

      

      

    

 


  

    
      
          
            
  
Dicom utilities


dcm_sort

sort dicom files by study series (used for flat directory structures)

Usage:  dcm_sort <dicom_directory>

Examples:

dcm_sort /data/petsun52/data1/JHILL/04271737
dcm_sort /cdrom/botv/10251349 -p930589002 -c





Options







	-d

	verbose debug mode



	-c

	copy files (default symbolically link)



	-t

	toggle use of -t in call to dcm_dump_file (default ON)



	-i

	take files with integer filenames



	-e<ext>

	take files with specified extension



	-r<str>

	take files with filenames containing specified string (default is 7 digits)



	-p<str>

	take files only with dicom field ‘PAT Patient Name’ matching specified string






N.B.:   dcm_sort removes existing single study subdirectories

N.B.:   dcm_sort puts unclassifiable DICOMs into subdirectory study0



pseudo_dcm_sort.csh

sort dicom files by study series (used for nested directory structures)

Usage:  pseudo_dcm_sort.csh <dicom directory>

Examples:

pseudo_dcm_sort.csh RAW





Options







	-d

	debug mode (set echo)



	-s

	DICOM files are within a subdirectory of numeric subdirectories (default directly in numeric subdirectory)



	-e

	identify DICOM files by specified extension (default extension = dcm)



	-r

	identify DICOM files by specified root (default root = ‘MR*’)



	-i

	take DICOM files with integer filenames



	-t

	toggle off use of -t in call to dcm_dump_file (default ON)






N.B.:   dicom subdirectories must be numeric 
  
    

    DTI
    

    

    
 
  

    
      
          
            
  
DTI


Tip

For more information on script inputs, see Params/Instructions files.




generic_DWI_script_090219

generic DTI processing

Usage:  generic_DWI_script_090219 params_file [instructions_file]



cross_DWI_imgreg_4dfp

atlas transform new data based on previous session results

Usage:  cross_DWI_imgreg_4dfp <curr_dwi> <day1_dwi_path> <day1_dwi> <atlas_representative_target> [options]

Examples:

cross_DWI_imgreg_4dfp 6770_dwi /data/petsun24/data1/5575 5575_dwi [abspath/]711-2Y





N.B.:   cross_DWI_imgreg_4dfp must be run in the current DWI directory
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fcMRI oriented scripts


Tip

For more information on script inputs, see Params/Instructions files.




fcMRI_preproc_161012.csh

fcMRI preprocessing including nuisance variable regression


Attention

fcMRI_preproc_161012 assumes successful completion of BOLD preprocessing (cross_bold_pp_161012.csh).



Usage:  fcMRI_preproc_<version>.csh <params file> [instructions file]

Examples:

fcMRI_preproc_161012.csh VB16168.params





Required parameters








	Variable

	Values

	Description





	patid

	<str>

	unique identifier for current subject/session



	target

	<img>

	atlas to be used for alignment



	FSdir

	<str>

	freesurfer directory containing mri/aparc+aseg.mgz



	srcdir

	<str>

	source directory path (contains run directories)



	fcbolds

	<array>

	list of bold run folders



	TR_vol

	<flt>

	time per frame (s)



	CSF_lcube

	<int>

	cube dimension (in voxels) used by qntv_4dfp for CSF (recommended: 3)



	CSF_sd1t

	<flt>

	threshold CSF sd1 image (recommended: 25)



	CSF_svdt

	<flt>

	limit regressor covariance condition number to (1/{})^2 for CSF (recommended: .2)



	WM_lcube

	<int>

	cube dimension (in voxels) used by qntv_4dfp for WM (recommended: 5)



	WM_svdt

	<flt>

	limit regressor covariance condition number to (1/{})^2 for WM (recommended: .15)






Optional parameters









	Variable

	Values

	Default

	Description





	FCdir

	<str>

	FCmaps

	output directory name



	day1_patid

	<str>

	
	patient directory for first session (if patid is not patient’s first session)



	MB

	0,1

	0

	skip slice timing correction and debanding



	blur

	<flt>

	no blur

	f_half for spatial blur



	bpss_params

	<array>

	
	options for bandpass_4dfp (only -E,M,F specified by default; no default bands)



	conc

	<str>

	
	pre-existing conc file to use



	fmtfile

	<str>

	
	format file



	FDthresh

	<flt>

	
	frame displacement thresholds



	FDtype

	1,2

	1

	frame displacement calculation (1 = absolute value, 2 = squares)



	anat_aveb

	<flt>

	0

	run_dvar_4dfp preblur in mm (for small voxels, set to 10mm)



	anat_avet

	<flt>

	(compute)

	run_dvar_4dfp criterion



	min_frames

	<int>

	numframes / 2

	minimum number of remaining frames after scrubbing for participant to be included



	CSF_excl_lim

	<flt>

	0.126

	mask threshold for CSF



	task_regressor

	<str>

	
	optional externally supplied task regressor



	noGSR

	1

	0

	suppress global signal (WB) regression






Processing steps








	Step description

	Function

	Output





	Generate FS masks if they don’t already exist

	Generate_FS_Masks_AZS.csh

	atlas/ 
  
    

    fMRI oriented scripts
    

    

    
 
  

    
      
          
            
  
fMRI oriented scripts


Tip

For more information on script inputs, see Params/Instructions files.




ME_cross_bold_pp_2019.csh

Multi-echo EPI (BOLD) pre-processing

Usage:  ME_cross_bold_pp_2019.csh <params file> [instructions_file]

Examples:

ME_cross_bold_pp_2019.csh VB16168.params







cross_bold_pp_161012.csh

generic EPI (BOLD) pre-processing

Usage:  cross_bold_pp_161012.csh <params file> [instructions_file]

Examples:

cross_bold_pp_161012.csh VB16168.params





Required parameters








	Variable

	Values

	Description





	patid

	<str>

	unique identifier for current subject/session



	irun

	<str array>

	list of run folders



	fstd

	<int array>

	list of scan numbers that map to run folders



	mprs

	<int array>

	list of mprage scan numbers



	inpath

	<str>

	top-level directory for raw DICOM data (i.e. directory containing study folders if $sorted)



	target

	<img>

	atlas to be used for alignment



	go

	0,1

	if calls should be executed (if 0, statements will only be printed, not executed)



	nx

	<int>

	number of voxels on the x-axis



	ny

	<int>

	number of voxels on the y-axis



	skip

	<int>

	number of pre-steady state frames



	TR_vol

	<flt>

	time per frame (s)



	TR_slc

	<flt>

	time per slice (s) (set to 0 to have it computed)



	epidir

	0,1

	direction of EPI slices (0 = inferior to superior, 1 = superior to inferior)



	economy

	<int>

	level of removal for intermediate files created during execution (see table below)



	epi2atl

	0,1,2

	if EPI to atlas transform is required (0 = no transform, 1 = transform to 333 space, 2 = skip to resampling step)



	FDthresh

	<flt>

	frame displacement thresholds



	normode

	0,1

	if per-frame volume intensity should be modified



	dwell

	<flt>

	EPI dwell time (echo spacing) (ms)



	ped

	x,x-,y,y-,z,z-

	EPI phase encoding direction



	rsam_cmnd

	<str>

	script to use for resampling (recommended: one_step_resample.csh)












	Economy value

	Files to be removed





	> 2

	original bold run images



	> 3

	frame-aligned images (_faln)



	> 4

	cross-realigned avg images (_r3d_avg or xr3d_BC_avg if $BiasField) (only if $epi2atl == 0)






Field map correction parameters (required)








	Variable

	Values

	Description





	Option 1 (Measured field map - gradient echo)



	gre

	<int array>

	gradient echo measured field map scan numbers (magnitude image should be first, followed by phase image)



	delta

	<flt>

	difference between field map echo times (ms)



	TE_vol

	<int>

	echo time (ms)



	Option 2 (Measured field map - spin echo)



	sefm

	<int array>

	spin echo measured field maps



	TE_vol

	<int>

	echo time (ms)



	Option 3 (Mean field map)



	FMmean

	<img>

	mean field map image



	Option 4 (basis_opt field map)



	FMmean

	<img>

	mean field map image



	FMBases

	<img>

	??






Optional parameters


Tip

Although tse and pdt2 are optional, you should specify one or the other if you have them in order to get a better registration to atlas.











	Variable

	Values

	Default

	Description





	tse

	<int array>

	
	list of tse scan numbers



	pdt2

	<int array>

	
	list of proton-density weighted scan numbers



	day1_patid

	<str>

	
	patient directory for first session (if patid is not patient’s first session)



	day1_path

	<str>

	
	path to day1 atlas directory (required if day1_patid is set)



	scrdir

	<str>

	
	scratch directory to be



	sorted

	0,1

	0

	if dcm sort has already been run



	MB

	0,1

	0

	skip slice timing correction and debanding



	sx

	<int>

	1

	unpacked x-dimension squeeze factor (unpack_4dfp)



	sy

	<int>

	1

	unpacked y-dimension squeeze factor (unpack_4dfp)



	E4dfp

	0,1

	0

	if 4dfp files already exist (skips dcm_to_4dfp)



	use_anat_ave

	0,1

	0

	use _anat_ave epi image (default is _func_vols_ave)



	min_frames

	<int>

	240

	minimum number of remaining frames after scrubbing for participant to be included



	interleave

	-S

	
	sequential slice acquisition (frame_align_4dfp)



	seqstr

	<str>

	
	specify [MB] slice sequence (counting from 1) as a comma-separated (no spaces) integer string (if non-standard interleaving)



	MBfac

	<int>

	1

	multiband factor



	lomotil

	1-6

	
	lowpass filter for specified motion parameter (mat2dat -l), used for filtered FD (set to 2 for y direction)



	BiasField

	0,1

	0

	perform bias field correction



	FDtype

	1,2

	1

	frame displacement calculation (1 = absolute value, 2 = squares)



	anat_aveb

	<flt>

	
	run_dvar_4dfp preblur in mm (for small voxels, set to 10mm)



	anat_avet

	<flt>

	(compute)

	run_dvar_4dfp criterion (set excessively high to skip DVARS censoring)



	cross_day_nostretch

	0,1

	0

	disable stretch for cross-day transform



	Gad

	0,1

	0

	if gadolinium contrast was used






Additional optional parameters


Warning

Only specify the following variables if the action is desired. They will happen if you specify them at all (even if you set them to 0).









	Variable

	Description





	goto_UNWARP

	immediately go to unwarp step



	epi_zflip

	flip z when unpacking (unpack_4dfp)



	Siemens_interleave

	enables Siemens interleave order (frame_align_4dfp)



	nounpack

	skips unpacking step






Processing steps








	Step description

	Function

	Output





	Convert bold run DICOM data to 4dfp format

	dcm_to_4dfp

	


	Convert mosaic format to volume (if not $nounpack)

	unpack_4dfp

	bold<irun>/ 
  
    

    Miscellaneous scripts
    

    

    
 
  

    
      
          
            
  
Miscellaneous scripts


freesurfer2mpr_4dfp

transform freesurfer generated images back to atlas space

Usage:  freesurfer2mpr_4dfp <(4dfp) mpr> <(4dfp) orig> [options]

Examples:

freesurfer2mpr_4dfp vc1234_654-3[.4dfp.img] vc1234_orig
freesurfer2mpr_4dfp vc1234_654-3 vc1234_orig -T711-2V -alh.ribbon.mgz -arh.ribbon apply





Options







	-skew

	general affine orig->mpr registeration (default 6 parameter rigid body)



	-T<target>

	specify atlas representative target



	-a<segimg>

	add named (4dfp format) freesurfer segemntation result to “apply” list



	apply

	proceed directly to transform (4dfp format) segmentations



	force

	force atlas transformation of segmentation results even if it already exists



	setecho

	set echo






N.B.:   <(4dfp) orig> is the freesurfer-resampled 256x256x256 coronal mpr 
  
    

    Registration scripts
    

    

    
 
  

    
      
          
            
  
Registration scripts


mpr2atl_4dfp

single T1W \(\rightarrow\) atlas

Usage:  mpr2atl_4dfp <mpr_anat> [options]

Examples:

mpr2atl_4dfp vc1234_654-3[.4dfp.img]
mpr2atl_4dfp vc1234_654-3[.4dfp.img] -T/data/petsun23/data1/atlas/NP345_111[.4dfp.img] -S711-2B





Options







	711-2<C|O|Y|K|L|G|H|V|F>

	specify 711-2? series atlas representative target image



	-T<target including path>

	specify arbitrary atlas representative target image



	-S<atlas space>*

	specify atlas space (default=711-2B space)



	crossmodal

	use cross-modal mpr->target registration



	useold

	suppress recomputation  of existing t4 file



	redo

	suppress initialization of existing t4 file



	setecho

	set echo






N.B.:   <mpr_anat> may include a path, e.g., /data/petmr1/data7/stem9/scout/654-3 
  
    

    Deprecated scripts
    

    

    
 
  

    
      
          
            
  
Deprecated scripts


cross_bold_pp

generic EPI (BOLD) pre-processing

Usage:  cross_bold_pp_<version>.csh <params file> [instructions_file]

Examples:

cross_bold_pp_161012.csh VB16168.params
generic_cross_bold_pp_090115.csh VB16168.params






cross_bold_pp_130702.csh

Required parameters








	Variable

	Values

	Description





	patid

	<str>

	unique identifier for current subject/session



	irun

	<str array>

	list of run folders



	fstd

	<int array>

	list of scan numbers that map to run folders



	mprs

	<int array>

	list of mprage scan numbers



	target

	<img>

	atlas to be used for alignment



	go

	0,1

	if calls should be executed (if 0, statements will only be printed, not executed)



	nx

	<int>

	number of voxels on the x-axis



	ny

	<int>

	number of voxels on the y-axis



	skip

	<int>

	number of pre-steady state frames



	TR_vol

	<flt>

	time per frame (s)



	TR_slc

	<flt>

	time per slice (s) (set to 0 to have it computed)



	epidir

	0,1

	direction of EPI slices (0 = inferior to superior, 1 = superior to inferior)



	economy

	<int>

	level of removal for intermediate files created during execution (see table below)



	epi2atl

	0,1,2

	if EPI to atlas transform is required (0 = no transform, 1 = transform to 333 space, 2 = skip to resampling step)



	normode

	0,1

	if per-frame volume intensity should be modified



	day1_patid

	<str>

	patient directory for first session (if patid is not patient’s first session)



	day1_path

	<str>

	path to day1 atlas directory (required if day1_patid is set)



	uwrp_cmnd

	<str>

	script to use for unwarping



	rsam_cmnd

	<str>

	script to use for resampling












	Economy value

	Files to be removed





	> 2

	original bold run images



	> 3

	frame-aligned images (_faln)



	> 4

	cross-realigned avg images (_r3d_avg or xr3d_BC_avg if $BiasField) (only if $epi2atl == 0)






Field map correction variables (required)








	Variable

	Values

	Description





	Option 1 (Measured field map - gradient echo)



	gre

	<int array>

	gradient echo measured field map scan numbers (magnitude image should be first, followed by phase image)



	delta

	<flt>

	difference between field map echo times (ms)



	TE_vol

	<int>

	echo time (ms)



	Option 2 (basis_opt field map)



	FMmean

	<img>

	mean field map image



	FMBases

	<img>

	??






Optional parameters


Tip

Although tse and pdt2 are optional, you should specify one or the other if you have them in order to get a better registration to atlas.











	Variable

	Values

	Default

	Description





	tse

	<int array>

	
	list of tse scan numbers



	pdt2

	<int array>

	
	list of proton-density weighted scan numbers



	scrdir

	<str>

	
	scratch directory to be



	sorted

	0,1

	0

	if dcm sort has already been run



	MB

	0,1

	0

	skip slice timing correction and debanding



	sx

	<int>

	1

	unpacked x-dimension squeeze factor (unpack_4dfp)



	sy

	<int>

	1

	unpacked y-dimension squeeze factor (unpack_4dfp)



	E4dfp

	0,1

	0

	if 4dfp files already exist (skips dcm_to_4dfp)



	use_anat_ave

	0,1

	0

	use _anat_ave epi image (default is _func_vols_ave)



	min_frames

	<int>

	240

	minimum number of remaining frames after scrubbing for participant to be included



	interleave

	-S

	interleave

	sequential slice acquisition (frame_align_4dfp)



	MBfac

	<int>

	1

	multiband factor



	anat_aveb

	<flt>

	0

	run_dvar_4dfp preblur in mm (for small voxels, set to 10mm)



	anat_avet

	<flt>

	(compute)

	run_dvar_4dfp criterion (set excessively high to skip DVARS censoring)



	cross_day_nostretch

	0,1

	0

	disable stretch for cross-day transform



	Gad

	0,1

	0

	if gadolinium contrast was used






Additional optional parameters


Warning

Only specify the following variables if the action is desired. They will happen if you specify them at all (even if you set them to 0).









	Variable

	Description





	goto_UNWARP

	immediately go to unwarp step



	epi_zflip

	flip z when unpacking (unpack_4dfp)



	Siemens_interleave

	enables Siemens interleave order (frame_align_4dfp)



	nounpack

	skips unpacking step






Processing steps


	Convert bold run dicoms to 4dfp format (dcm_to_4dfp)


	Covert mosiac format to volume – if not $nounpack (unpack_4dfp)


	Correct slice timing and odd/even slice intensities – if not $MB (frame_align_4dfp, deband_4dfp)


	Motion correction via rigid body transform of each volume to reference frame (cross_realign3d_4dfp)


	Compute and apply mode 1000 normalization (normalize_4dfp, scale_4dfp)


	Extract/format movement data from on cross_realign3d_4dfp output (mat2dat)


	Extract EPI first frame (anatomy) image (paste_4dfp)


	Make func_vols_ave image with high movement frames removed (DVARS) (actmapf_4dfp)


	Compute cross-session BOLD atlas transform – if $day1_patid specified for current patid (cross_day_imgreg_4dfp)


	Convert MPRAGE dicoms to 4dfp format (dcm_to_4dfp)


	Compute MPRAGE atlas transforms (mpr2atl1_4dfp with first mpr if $Gad, otherwise avgmpr_4dfp)


	Compute EPI atlas transform
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	Make atlas transformed EPI anat_ave and t2w in 111, 222, and 333 atlas space (t4img_4dfp)


	Compute field mapping correction ($uwrp_cmnd)


	Compute and apply unwarped epi to atlas transform (imgreg_4dfp, t4_mul, t4img_4dfp)


	Resample unwarped images ($rsam_cmnd)


	Make average atlas-aligned, unwarped image (actmapf_4dfp)






cross_bold_pp_121215.csh

Required parameters








	Variable

	Values

	Description





	patid

	<str>

	unique identifier for current subject/session



	target

	<img>

	atlas to be used for alignment



	irun

	<str array>

	list of run folders



	fstd

	<int array>

	list of scan numbers that map to run folders



	mprs

	<int array>

	list of mprage scan numbers



	go

	0,1

	if calls should be executed (if 0, statements will only be printed, not executed)



	nx

	<int>

	number of voxels on the x-axis



	ny

	<int>

	number of voxels on the y-axis



	skip

	<int>

	number of pre-steady state frames



	TR_vol

	<flt>

	time per frame (s)



	TR_slc

	<flt>

	time per slice (s) (set to 0 to have it computed)



	epidir

	0,1

	direction of EPI slices (0 = inferior to superior, 1 = superior to inferior)



	economy

	<int>

	level of removal for intermediate files created during execution (see table below)



	epi2atl

	0,1,2

	if EPI to atlas transform is required (0 = no transform, 1 = transform to 333 space, 2 = skip to resampling step)



	normode

	0,1

	if per-frame volume intensity should be modified












	Economy value

	Files to be removed





	> 2

	original bold images



	> 3

	frame-aligned images (_faln)



	> 4

	debanded images (_faln_dbnd) (only if $epi2atl == 0)



	> 6

	normalized images (_norm)






Optional parameters


Tip

Although tse and pdt2 are optional, you should specify one or the other if you have them in order to get a better registration to atlas.











	Variable

	Values

	Default

	Description





	tse

	<int array>

	
	list of tse scan numbers



	pdt2

	<int array>

	
	list of proton-density weighted scan numbers



	t1w

	<int array>

	
	list of t1w scan numbers



	scrdir

	<str>

	
	scratch directory to be



	to_MNI152

	0,1

	0

	transform to MNI152 atlas space



	day1_patid

	<str>

	
	patient directory for first session (if patid is not patient’s first session)



	day1_path

	<str>

	
	path to day1 atlas directory (required if day1_patid is set)



	sorted

	0,1

	0

	if dcm sort has already been run






Additional optional parameters


Warning

Only specify the following variables if the action is desired. They will happen if you specify them at all (even if you set them to 0).









	Variable

	Description





	Siemens_interleave

	enables Siemens interleave order (frame_align_4dfp)






Processing steps


	Convert bold run dicoms to 4dfp format (dcm_to_4dfp)


	Covert mosiac format to volume (unpack_4dfp)


	Correct slice timing and odd/even slice intensities (frame_align_4dfp, deband_4dfp)


	Motion correction via rigid body transform of each volume to reference frame (cross_realign3d_4dfp)


	Compute and apply mode 1000 normalization (normalize_4dfp, scale_4dfp)


	Extract/format movement data from on cross_realign3d_4dfp output (mat2dat)


	Extract EPI first frame (anatomy) image (paste_4dfp)


	Move anatomy image (anat_ave) to atlas directory


	Compute cross-session BOLD atlas transform if $day1_patid specified for current patid (cross_day_imgreg_4dfp)


	Convert MPRAGE dicoms to 4dfp format (dcm_to_4dfp)


	Compute MPRAGE atlas transforms (avgmpr_4dfp)


	Compute EPI atlas transform






(Show/Hide Details)








	Make atlas transformed EPI anat_ave in 111, 222, and 333 (711-2B or MNI152 if $to_MNI152) atlas space (t4img_4dfp)


	Make cross-realigned atlas-transformed resampled BOLD 4dfp stacks (t4_xr3d_4dfp)






generic_cross_bold_pp_090115

Required parameters








	Variable

	Values

	Description





	patid

	<str>

	unique identifier for current subject/session



	irun

	<str array>

	list of run folders



	fstd

	<int array>

	list of scan numbers that map to run folders



	mprs

	<int array>

	list of mprage scan numbers



	target

	<img>

	atlas to be used for alignment



	go

	0,1

	if calls should be executed (if 0, statements will only be printed, not executed)



	nx

	<int>

	number of voxels on the x-axis



	ny

	<int>

	number of voxels on the y-axis



	skip

	<int>

	number of pre-steady state frames



	TR_vol

	<flt>

	time per frame (s)



	TR_slc

	<flt>

	time per slice (s) (set to 0 to have it computed)



	epidir

	0,1

	direction of EPI slices (0 = inferior to superior, 1 = superior to inferior)



	economy

	<int>

	level of removal for intermediate files created during execution (see table below)



	epi2atl

	0,1,2

	if EPI to atlas transform is required (0 = no transform, 1 = transform to 333 space, 2 = skip to resampling step)



	normode

	0,1

	if per-frame volume intensity should be modified












	Economy value

	Files to be removed





	> 2

	original bold images



	> 3

	frame-aligned images (_faln)



	> 4

	debanded images (_faln_dbnd) (only if $epi2atl == 0)



	> 6

	normalized images (_norm)






Optional parameters


Tip

Although tse and pdt2 are optional, you should specify one or the other if you have them in order to get a better registration to atlas.











	Variable

	Values

	Default

	Description





	tse

	<int array>

	
	list of tse scan numbers



	pdt2

	<int array>

	
	list of proton-density weighted scan numbers



	t1w

	<int array>

	
	list of t1w scan numbers



	scrdir

	<str>

	
	scratch directory to be



	sorted

	0,1

	0

	if dcm sort has already been run



	MB

	0,1

	0

	skip slice timing correction and debanding



	sx

	<int>

	1

	unpacked x-dimension squeeze factor (unpack_4dfp)



	sy

	<int>

	1

	unpacked y-dimension squeeze factor (unpack_4dfp)



	E4dfp

	0,1

	0

	if 4dfp files already exist (skips dcm_to_4dfp)



	interleave

	-S

	
	sequential slice acquisition (frame_align_4dfp)



	MBfac

	<int>

	1

	multiband factor



	day1_patid

	<str>

	
	patient directory for first session (if patid is not patient’s first session)



	day1_path

	<str>

	
	path to day1 atlas directory (required if day1_patid is set)



	cross_day_nostretch

	0,1

	0

	disable stretch for cross-day transform



	Gad

	0,1

	0

	if gadolinium contrast was used






Additional optional parameters


Warning

Only specify the following variables if the action is desired. They will happen if you specify them at all (even if you set them to 0).









	Variable

	Description





	epi_zflip

	flip z when unpacking (unpack_4dfp)



	Siemens_interleave

	enables Siemens interleave order (frame_align_4dfp)



	nounpack

	skips unpacking step






Processing steps


	Convert bold run dicoms to 4dfp format (dcm_to_4dfp)


	Covert mosiac format to volume – if not $nounpack (unpack_4dfp)


	Correct slice timing and odd/even slice intensities – if not $MB (frame_align_4dfp, deband_4dfp)


	Motion correction via rigid body transform of each volume to reference frame (cross_realign3d_4dfp)


	Compute and apply mode 1000 normalization (normalize_4dfp, scale_4dfp)


	Extract/format movement data from on cross_realign3d_4dfp output (mat2dat)


	Extract EPI first frame (anatomy) image (paste_4dfp)


	Move anatomy image (anat_ave) to atlas directory


	Compute cross-session BOLD atlas transform if $day1_patid specified for current patid (cross_day_imgreg_4dfp)


	Convert MPRAGE dicoms to 4dfp format (dcm_to_4dfp)


	Compute MPRAGE atlas transforms (mpr2atl1_4dfp with first mpr if $Gad, otherwise avgmpr_4dfp)


	Compute EPI to atlas transform


	Compute EPI atlas transform
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	Make atlas transformed EPI anat_ave in 111, 222, and 333 atlas space (t4img_4dfp)


	Make cross-realigned atlas-transformed resampled BOLD 4dfp stacks (t4_xr3d_4dfp)







fcMRI_preproc

fcMRI preprocessing including nuisance variable regression.


Attention

fcMRI_preproc assumes successful completion of BOLD preprocessing (cross_bold_pp).



Usage:  fcMRI_preproc_<version>.csh <params file> [instructions file]

Examples:

fcMRI_preproc_161012.csh VB16168.params
fcMRI_preproc_090115.csh VB16168.params






fcMRI_preproc_140413.csh

Required parameters








	Variable

	Values

	Description





	patid

	<str>

	unique identifier for current subject/session



	srcdir

	<str>

	source directory path (contains run directories)



	workdir

	<str>

	working directory path



	TR_vol

	<flt>

	time per frame (s)



	skip

	<int>

	number of pre-steady state frames



	fcbolds

	<array>

	list of bold run folders






Optional parameters









	Variable

	Values

	Default

	Description





	FCdir

	<str>

	FCmaps

	output directory name



	anat_aveb

	<flt>

	10

	run_dvar_4dfp preblur in mm (for small voxels, set to 10mm)



	anat_avet

	<flt>

	7

	run_dvar_4dfp criterion



	FWHM

	<int>

	6

	full-width half maximum for spatial blur



	MB

	0,1

	0

	skip slice timing correction and debanding



	conc

	<str>

	
	pre-existing conc file to use



	task_regressor

	<str>

	
	optional externally supplied task regressor



	noGSR

	1

	0

	suppress global signal (WB) regression






Processing steps


	Create conc file (conc_4dfp) and move it to FCdir


	Compute defined mask and apply it (compute_defined_4dfp, maskimg_4dfp)


	Compute frame censoring (DVARS) (run_dvar_4dfp)


	Compute initial sd1 mean (var_4dfp, qnt_4dfp)


	Make movement regressors for each bold run (mat2dat)


	Make whole brain regressors including the 1st derivative (qnt_4dfp)


	Make ventricle and bilateral white matter regressors and their derivatives (qnt_4dfp)


	Paste nuisance regressors together (including task_regressor if supplied)


	Remove nuisance regressors out of volumetric time series (glm_4dfp)


	Temporal bandpass filter with bh = .1 and oh = 2 (bandpass_4dfp)


	Spatial blur with f_half = 4.413/$FWHM (gauss_4dfp)






fcMRI_preproc_130715.csh

Params file variables








	Variable

	Values

	Description





	patid

	<str>

	unique identifier for current subject/session



	srcdir

	<str>

	source directory path (contains run directories)



	fcbolds

	<array>

	list of bold run folders






Instructions file variables








	Variable

	Values

	Description





	FCdir

	<str>

	output directory name



	FSdir

	<str>

	freesurfer directory containing mri/aparc+aseg.mgz



	MB

	0,1

	skip slice timing correction and debanding



	conc

	<str>

	pre-existing conc file to use



	task_regressor

	<str>

	optional externally supplied task regressor



	noGSR

	1

	suppress global signal (WB) regression



	anat_aveb

	<flt>

	run_dvar_4dfp preblur in mm (for small voxels, set to 10mm)



	anat_avet

	<flt>

	run_dvar_4dfp criterion



	CSF_lcube

	<int>

	cube dimension (in voxels) used by qntv_4dfp for CSF (recommended: 3)



	CSF_sd1t

	<flt>

	threshold CSF sd1 image (recommended: 25)



	CSF_svdt

	<flt>

	limit regressor covariance condition number to (1/{})^2 for CSF (recommended: .2)



	WM_lcube

	<int>

	cube dimension (in voxels) used by qntv_4dfp for WM (recommended: 5)



	WM_svdt

	<flt>

	limit regressor covariance condition number to (1/{})^2 for WM (recommended: .15)



	fmtfile

	<str>

	format file



	bpss_params

	<array>

	options for bandpass_4dfp (only -E,M,F specified by default; no default bands)



	blur

	<flt>

	f_half for spatial blur






Processing steps


	Generate FS masks (results in ../atlas) (Generate_FS_Masks_AZS.csh)


	Create conc file (conc_4dfp) and move it to FCdir


	Compute frame censoring (DVARS) (run_dvar_4dfp) and create avg censored image – only if no $fmtfile specified


	Compute defined mask and apply it (compute_defined_4dfp, maskimg_4dfp)


	Compute initial sd1 mean (var_4dfp, qnt_4dfp)


	Make timeseries zero mean (var_4dfp)


	Make movement regressors for each bold run (mat2dat)


	Temporal bandpass filter using $bpss_params (bandpass_4dfp)


	Make whole brain regressors including the 1st derivative (qnt_4dfp)


	Make extra-axial CSF regressors (maskimg_4dfp)


	Make venticle movement_regressors (qntv_4dfp)


	Make white matter regressors (qntv_4dfp)


	Paste nuisance regressors together (including task_regressor if supplied)


	Pass final set of nuisance regressors (omitting WB and WB derivative) through covariance -D250


	Remove nuisance regressors out of volumetric time series (glm_4dfp)


	Spatial blur with f_half = $blur if specified (gauss_4dfp)






fcMRI_preproc_090115H.csh

Hallquist compliant version of fcMRI_preproc_090115.csh

Params file variables








	Variable

	Values

	Description





	patid

	<str>

	unique identifier for current subject/session



	srcdir

	<str>

	source directory path (contains run directories)



	workdir

	<str>

	working directory path



	fcbolds

	<array>

	list of bold run folders






Instructions file variables








	Variable

	Values

	Description





	FCdir

	<str>

	output directory name



	MB

	0,1

	skip slice timing correction and debanding



	conc

	<str>

	pre-existing conc file to use



	task_regressor

	<str>

	optional externally supplied task regressor



	noGSR

	1

	suppress global signal (WB) regression



	noWM

	1

	supress WM regression



	movement_regressors

	raw,bpss,none

	??






Processing steps


	Create conc file (conc_4dfp) and move it to FCdir


	Compute defined mask and apply it (compute_defined_4dfp, maskimg_4dfp)


	Compute initial sd1 mean (var_4dfp, qnt_4dfp)


	Spatial blur with f_half = .735452 (gauss_4dfp)


	Temporal bandpass filter with bh = .1 and oh = 2 (bandpass_4dfp)


	Make movement regressors for each bold run (mat2dat) (if $movement_regressors is not “none”)


	Make whole brain, ventricle, and bilateral white matter regressors (qnt_4dfp)


	Paste nuisance regressors together (including task_regressor if supplied)


	Pass final set of nuisance regressors (omitting WB and WB derivative) through covariance -D500


	Remove nuisance regressors out of volumetric time series (glm_4dfp)






fcMRI_preproc_090115.csh

Params file variables








	Variable

	Values

	Description





	patid

	<str>

	unique identifier for current subject/session



	srcdir

	<str>

	source directory path (contains run directories)



	workdir

	<str>

	working directory path



	fcbolds

	<array>

	list of bold run folders






Instructions file variables








	Variable

	Values

	Description





	FCdir

	<str>

	output directory name



	MB

	0,1

	skip slice timing correction and debanding



	conc

	<str>

	pre-existing conc file to use



	task_regressor

	<str>

	optional externally supplied task regressor



	noGSR

	1

	suppress global signal (WB) regression






Processing steps


	Create conc file (conc_4dfp) and move it to FCdir


	Compute defined mask and apply it (compute_defined_4dfp, maskimg_4dfp)


	Compute initial sd1 mean (var_4dfp, qnt_4dfp)


	Spatial blur with f_half = .735452 (gauss_4dfp)


	Temporal bandpass filter with bh = .1 and oh = 2 (bandpass_4dfp)


	Make movement regressors for each bold run (mat2dat)


	Make whole brain, ventricle, and bilateral white matter regressors (qnt_4dfp)


	Paste nuisance regressors together (including task_regressor if supplied)


	Remove nuisance regressors out of volumetric time series (glm_4dfp)







seed_correl

compute multi-volume correlation maps


Attention

seed_correl assumes successful completion of BOLD preprocessing (cross_bold_pp) and fcMRI preprocessing (fcMRI_preproc).



Usage:  seed_correl_<version>.csh <parameters file> [instructions] [options]


seed_correl_140413.csh



seed_correl_130715.csh



seed_correl_090115.csh
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Processing BOLD Data

Scenario: You’ve collected some BOLD data and you’re interested in functional connectivity.

This example will walk you through the typical functional connectivity pipeline in the 4dfp suite - generic BOLD pre-processing, fcMRI
pre-processing, and seed-based correlation.


System requirements

These scripts assume that the current shell is csh. To check/change your shell you can use the following commands:

# output the current shell
echo $0

# switch to csh shell
csh





They also expect REFDIR to be set as an environment variable, so you will need to add it to your login script:

setenv REFDIR /data/petsun43/data1/atlas





Additionally, the scripts rely on a couple external programs that will need to be on your system path.

First, check if mri_convert and mcverter are on your path:

which mri_convert
which mcverter





If either program is not found, you will need to add the following lines to your login script.


~/.lin.cshrc

set path = ( $path \
             $FREESURFER_HOME/bin \
             /data/nil-bluearc/hershey/unix/software/MRIConvert/MRIConvert-2.1.0/usr/bin \
           )









Preparing DICOM data

If you haven’t already downloaded your data, see Downloading data from CNDA.

Once you have DICOM data downloaded and transferred to your project directory, you will start by sorting your DICOM data.
How to run this will depend on the DICOM directory structure.
In the following examples we’ll use NEWT002_s1 for an example MR session,
and assume that the DICOM data is under the SCANS/ directory:

$ cd /path/to/project
$ cd NEWT002_s1
$ ls
SCANS

$ ls SCANS





If SCANS/ contains a flat list of DICOMs, you will use dcm_sort:

$ dcm_sort SCANS





If SCANS/ contains numbered directories, you will use pseudo_dcm_sort.csh:

$ pseudo_dcm_sort.csh SCANS





This will create study folders for each of the scans downloaded from CNDA, as well as a SCANS.studies.txt file that
contains the mapping of study number to series description

$ ls
SCANS               study10     study21     study25     study29
SCANS.studies.txt   study14     study23     study27

$ cat SCANS.studies.txt
10   tfl3d1_16ns    ABCD_T1w_MPR_vNav                                   176
14   spc_314ns      ABCD_T2w_SPC_vNav                                   176
21   epse2d1_90     SpinEchoFieldMap_AP_2p4mm_64sl                        3
23   epse2d1_90     SpinEchoFieldMap_PA_2p4mm_64sl                        3
25   epfid2d1_90    fMRI_AP_2p4mm_MB4_tr1230_te33                       250
27   epfid2d1_90    fMRI_AP_2p4mm_MB4_tr1230_te33                       250
29   epfid2d1_90    fMRI_AP_2p4mm_MB4_tr1230_te33                       250







Generic BOLD pre-processing

Now that we have our DICOM data sorted, we are ready to begin BOLD pre-processing. In the 4dfp suite, this is done via cross_bold_pp_161012.csh.

In order to run cross bold, we first need to set up some input files. If you look at the usage for cross bold, it has one required argument and one optional.
As mentioned in Params/Instructions files, the convention is to use both, putting subject-specific parameters in the params file and study-specific parametes in the instructions file.
When creating these files, you’ll want to have the list of variables handy. These can be found in the cross_bold_pp_161012.csh docs.

The instructions file contains customizations for the processing pipeline in addition to information about the scan sequence. To obtain
the scan parameters, you can use dcm_dump_file. Since we are looking to process BOLD data, be sure to grab a DICOM from one of
the BOLD study folders:

$ dcm_dump_file -t study25/NEWT002_s1.MR.head_Hershey.25.173.20161130.131330.19u1n9g.dcm





This will print out tags from the DICOM header, including echo time and repetition time. An excerpt is shown here:

0018 0023        2 //       ACQ MR Acquisition Type //2D
0018 0024       12 //              ACQ Sequence Name//epfid2d1_90
0018 0025        2 //                 ACQ Angio Flag//N
0018 0050       16 //            ACQ Slice Thickness//2.4000000953674
0018 0080        4 //            ACQ Repetition Time//1230
0018 0081        2 //                  ACQ Echo Time//33
0018 0083        2 //         ACQ Number of Averages//1
0018 0084       10 //          ACQ Imaging Frequency//123.246868
0018 0085        2 //             ACQ Imaged Nucleus//1H
0018 0086        2 //                ACQ Echo Number//1
0018 0087        2 //    ACQ Magnetic Field Strength//3
0018 0088       16 //     ACQ Spacing Between Slices//2.4000000349655
0018 0089        2 //ACQ Number of Phase Encoding Steps//90






Attention

Be sure to pay attention to units. The DICOM header stores times in milliseconds and some cross_bold variables are in seconds.



Some variables don’t match a specific tag in the DICOM header and need to be calculated.


	nx and ny


You will need to grab the ‘Img Rows’ (0028,0010), ‘Img Columns’ (0028,0011) and ‘NumberOfImagesInMosiac’ (0019,100a) tags.

$ dcm_dump_file -t study25/NEWT002_s1.MR.head_Hershey.25.173.20161130.131330.19u1n9g.dcm | grep '0028 0010' | awk '{print $8}'
720 # imgRows

$ dcm_dump_file -t study25/NEWT002_s1.MR.head_Hershey.25.173.20161130.131330.19u1n9g.dcm | grep '0028 0011' | awk '{print $8}'
720 # imgColumns

$ dcm_dump_file -t study25/NEWT002_s1.MR.head_Hershey.25.173.20161130.131330.19u1n9g.dcm | grep '0019 100a' | awk '{print $7}'
64 # numImgs





With these numbers, you can calculate nx and ny with the following formulas:


\[nx = imgRows / ceil(sqrt(numImgs))\]


\[ny = imgColumns / ceil(sqrt(numImgs))\]






	dwell



Warning

This formula was corrected on 3/26/19. If you used this section previously, you should double-check the value in your instructions file to verify it was calculated correctly.



You will need to grab the ‘BandwidthPerPixelPhaseEncode’ (0019,1028) tag and nx (or ny) calculated above.

$ strings study25/NEWT002_s1.MR.head_Hershey.25.173.20161130.131330.19u1n9g.dcm | grep BandwidthPer -A 1
BandwidthPerPixelPhaseEncode
18.83200000





You can then calculate dwell using the following formula, using nx for ‘MatrixPhase’:


\[dwell = 1000 / (BandwidthPerPixelPhaseEncode * MatrixPhase)\]


Tip

For Siemens 3T fMRI, dwell times should be in the range 0.4 - 0.6 ms.








	delta


If you are using a gradient-echo field map (which the current example does not), you will need to calculate delta.
To do so, you will need to grab the values of the ‘Echo Time’ (0018,0081) field from your maginitude field map image.

% dcm_dump_file -t /path/to/magnitude/fm/image | grep "0018 0081"
0018 0081        4 //                  ACQ Echo Time//7.38
0018 0081        4 //                  ACQ Echo Time//4.92





To get delta, compute the difference of the echo time values.


Tip

For Siemens GRE field map sequences, delta is typically 2.46 ms.








	seqstr


The slice acquisition sequence in multiband fMRI does not follow the old “Siemens_interleave” rule.
In this case, the slice sequence depends on the number of slices and the multiband factor to ensure there is no adjacent slice excitation.
Siemens now provides an exact listing of slice times in each fMRI DICOM header in the ‘MosaicRefAcqTimes’ (0019,1029) tag.

In order to correct slice timing for multiband sequences, the slice sequence needs to be identified and
passed to frame_align_4dfp via the seqstr parameter.

AFNI has a function dicom_hdr that you can use to extract the slice timing from the header:

$ dicom_hdr -slice_times SCANS/25/DICOM/NEWT002_s1.MR.head_Hershey.25.1.20161130.131330.adfigp.dcm
-- Siemens timing (64 entries): 0.0 530.0 1057.5 377.5 907.5 227.5 755.0 75.0 605.0 1135.0 452.5 982.5 302.5 832.5 150.0 680.0 0.0 530.0 1057.5 377.5 907.5 227.5 755.0 75.0 605.0 1135.0 452.5 982.5 302.5 832.5 150.0 680.0 0.0 530.0 1057.5 377.5 907.5 227.5 755.0 75.0 605.0 1135.0 452.5 982.5 302.5 832.5 150.0 680.0 0.0 530.0 1057.5 377.5 907.5 227.5 755.0 75.0 605.0 1135.0 452.5 982.5 302.5 832.5 150.0 680.0





We can get the number of bands by counting how many times a slice time is repeated:

..code-block::bash

# replace <first_slice_time> before use
$ dicom_hdr -slice_times study25/NEWT002_s1.MR.head_Hershey.25.1.20161130.131330.adfigp.dcm | grep -wo <first_slice_time> | wc -l
4





Based on these outputs, we can see that there are 64 slices and a multiband factor of 4. This gives us 16 slices per band.
With this information, we can now calculate the slice order for a single band:

# replace <num_slice_per_band> before use
$ dicom_hdr -slice_times SCANS/25/DICOM/NEWT002_s1.MR.head_Hershey.25.1.20161130.131330.adfigp.dcm | cut -d ":" -f2 | tr " " "\n" | tail -n <num_slice_per_band> | gawk '{print NR, $1}' | sort -n -k 2,2 | gawk '{printf("%d,", $1);}'
1,8,15,6,13,4,11,2,9,16,7,14,5,12,3,10,





Alternatively, you can run strings on the header:

$ strings SCANS/25/DICOM/NEWT002_s1.MR.head_Hershey.25.1.20161130.131330.adfigp.dcm | grep 'MosaicRefAcqTimes' -A 66
MosaicRefAcqTimes
sGRADSPEC.asGPAData[0].sEddyCompensationX.aflT
0.00000000
530.00000000
1057.50000000
377.50000000
907.50000000
227.50000001
755.00000000
75.00000001
605.00000001
1135.00000001
452.50000001
982.50000001
302.49999999
832.50000002
149.99999999
679.99999999
...





You can then copy the slice timing of one band into a file (i.e. temp.dat), and run the following:

$ cat temp.dat | gawk '{print NR, $1}' | sort -n -k 2,2 | gawk '{printf("%d,", $1);}'
1,8,15,6,13,4,11,2,9,16,7,14,5,12,3,10,












Now that we know how to source information for the instructions file, we’ll go ahead and put one together. In this example, we will assume
nothing besides dcm_sort has already been run on the data and we won’t skip any processing steps.

Since we’ve chosen to set up our instructions file to define study-level params, we’ll store it in the project directory.

$ cd /path/to/project
$ gedit NEWT_study.params






NEWT_study.params

set inpath = /path/to/project/${patid}
set target = $REFDIR/TRIO_KY_NDC
set go = 1
set sorted = 1
set economy = 0
set epi2atl = 1
set normode = 0

set nx = 90
set ny = 90

set skip = 0

set FDthresh = 0.2
set FDtype = 1
set anat_aveb = 10 # use 10mm preblur (voxel size < 3mm)

set TR_vol = 1.23
set TR_slc = 0 # use default (TR_vol/nslices)
set epidir = 0
set MBfac = 4
set seqstr = 1,8,15,6,13,4,11,2,9,16,7,14,5,12,3,10 # non-standard interleaving
set lomotil = 2 # filter FD in phase-encoding direction

set TE_vol = 33
set dwell = .59
set ped = y-
set rsam_cmnd = one_step_resample.csh







Our params file, on the other hand, needs to be specified per subject as it contains a mapping to a subject’s specific scan numbers.
The file outputted by dcm_sort, SCANS.studies.txt, is a good reference to have handy when creating a subject’s params file.

$ cd NEWT002_s1
$ cat SCANS.studies.txt
$ gedit NEWT002_s1.params






NEWT002_s1.params

set patid = NEWT002_s1
set mprs = ( 10 )
set tse = ( 14 )
set irun = (  1  2  3 )
set fstd = ( 25 27 29 )
set sefm = ( 21 23 )







Since our subjects have a T2 image and spin-echo field maps, we specified tse and sefm, respectively. However, which
parameters are specified here will depend on the data you have available. For EPI to atlas registration, you should specify either
tse, pdt2, or neither. For field map correction, you should specify either sefm or gre.

Now, we run cross bold:

$ cross_bold_pp_161012.csh NEWT002_s1.params ../NEWT_study.params





Afterwards, you’ll have the following subject anf bold directory structures:

$ ls
atlas     NEWT002_s1_fmri_unwarp_170616_se.log  SCANS.studies.txt  study23
bold1     NEWT002_s1_one_step_resample.log      sefm               study25
bold2     NEWT002_s1.params                     study10            study27
bold3     NEWT002_s1_xr3d.lst                   study14            study29
movement  SCANS                                 study21            unwarp

$ ls bold1
NEWT002_s1_b1.4dfp.hdr                         NEWT002_s1_b1_faln_dbnd_r3d_avg_norm.4dfp.ifh
NEWT002_s1_b1.4dfp.ifh                         NEWT002_s1_b1_faln_dbnd_r3d_avg_norm.4dfp.img
NEWT002_s1_b1.4dfp.img                         NEWT002_s1_b1_faln_dbnd_r3d_avg_norm.4dfp.img.rec
NEWT002_s1_b1.4dfp.img.rec                     NEWT002_s1_b1_faln_dbnd_xr3d.mat
NEWT002_s1_b1_faln.4dfp.ifh                    NEWT002_s1_b1_faln_dbnd_xr3d_norm.4dfp.hdr
NEWT002_s1_b1_faln.4dfp.img                    NEWT002_s1_b1_faln_dbnd_xr3d_norm.4dfp.ifh
NEWT002_s1_b1_faln.4dfp.img.rec                NEWT002_s1_b1_faln_dbnd_xr3d_norm.4dfp.img
NEWT002_s1_b1_faln_dbnd.4dfp.hdr               NEWT002_s1_b1_faln_dbnd_xr3d_norm.4dfp.img.rec
NEWT002_s1_b1_faln_dbnd.4dfp.ifh               NEWT002_s1_b1_faln_dbnd_xr3d_norm.ddat
NEWT002_s1_b1_faln_dbnd.4dfp.img               NEWT002_s1_b1_faln_dbnd_xr3d_norm_dsd0.4dfp.hdr
NEWT002_s1_b1_faln_dbnd.4dfp.img.rec           NEWT002_s1_b1_faln_dbnd_xr3d_norm_dsd0.4dfp.ifh
NEWT002_s1_b1_faln_dbnd.dat                    NEWT002_s1_b1_faln_dbnd_xr3d_norm_dsd0.4dfp.img
NEWT002_s1_b1_faln_dbnd_r3d_avg.4dfp.ifh       NEWT002_s1_b1_faln_dbnd_xr3d_norm_dsd0.4dfp.img.rec
NEWT002_s1_b1_faln_dbnd_r3d_avg.4dfp.img       NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl.4dfp.hdr
NEWT002_s1_b1_faln_dbnd_r3d_avg.4dfp.img.rec   NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl.4dfp.ifh
NEWT002_s1_b1_faln_dbnd_r3d_avg.hist           NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl.4dfp.img
NEWT002_s1_b1_faln_dbnd_r3d_avg_norm.4dfp.hdr  NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl.4dfp.img.rec






Tip

A lot of files get generated per run and the folders can get cluttered. If you don’t intend to use the intermediate files, you should set the economy flag to 5 to remove some of them.





fcMRI pre-processing

After running bold pre-processing, you’ll want to run functional connectivity specific processing. However, before we can run
fcMRI_preproc_161012.csh, there is a prerequiste step of running Freesurfer to generate masks for the subjects which will be used to calculate
the nuisance regressors.

If you don’t already have a SUBJECTS_DIR for your project, go ahead and make one:

$ mkdir /path/to/project/freesurfer
$ setenv SUBJECTS_DIR /path/to/project/freesurfer





Next we’ll need to get a DICOM from our T1w image to use as our input file for Freesurfer:

$ cd /path/to/project/NEWT002_s1
$ cat SCANS.studies.txt | grep T1w
10   tfl3d1_16ns    ABCD_T1w_MPR_vNav                                   176

$ ls SCANS/10/DICOM/*10.1.*
../SCANS/10/DICOM/NEWT002_s1.MR.head_Hershey.10.1.20161130.131330.1ldrvyd.dcm





With this information at hand, we can now launch the Freesurfer job

$ at now
at> setenv SUBJECTS_DIR /path/to/project/freesurfer
at> recon-all -all -s NEWT002_s1 -i /path/to/project/NEWT002_s1/SCANS/10/DICOM/NEWT002_s1.MR.head_Hershey.10.1.20161130.131330.1ldrvyd.dcm
at> <ctrl-d>





Same as before, fcMRI_preproc accepts a params and instructions file. If you look at the variable specification for
fcMRI_preproc_161012.csh, you’ll see that it shares some variables with cross_bold_pp_161012.csh - we’ll leave those the same and
simply add in the fcMRI-specific ones:

$ gedit /path/to/project/NEWT_study.params






NEWT_study.params

# BOLD variables
set inpath = /path/to/project/${patid}
set target = $REFDIR/TRIO_KY_NDC
set go = 1
set sorted = 1
set economy = 0
set epi2atl = 1
set normode = 0

set nx = 90
set ny = 90

set skip = 0

set FDthresh = 0.2
set FDtype = 1
set anat_aveb = 10 # use 10mm preblur (voxel size < 3mm)

set TR_vol = 1.23
set TR_slc = 0 # use default (TR_vol/nslices)
set epidir = 0
set MBfac = 4
set seqstr = 1,8,15,6,13,4,11,2,9,16,7,14,5,12,3,10 # non-standard interleaving
set lomotil = 2 # filter FD in phase-encoding direction

set TE_vol = 33
set dwell = .59
set ped = y-
set rsam_cmnd = one_step_resample.csh

# fcMRI pre-processing
set srcdir = $cwd
set FSdir = /path/to/project/freesurfer/${patid}
set fcbolds = ( ${irun} )
set CSF_lcube = 3
set CSF_sd1t = 25
set CSF_svdt = .2
set WM_lcube = 5
set WM_svdt = .15
set bpss_params = ( -bh0.1 -oh2 )
set blur = .73542







No changes are needed to the session params file, so now we can run the script:

$ fcMRI_preproc_161012.csh NEWT002_s1.params ../NEWT_study.params





Afterwards, we will have the following new files:

# per run
% ls -tr bold1/*atl_*
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_dsd0.4dfp.img
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_dsd0.4dfp.ifh
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_dsd0.4dfp.hdr
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_dsd0.4dfp.img.rec
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_uout.4dfp.img
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_uout.4dfp.ifh
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_uout.4dfp.hdr
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_uout.4dfp.img.rec
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_bpss.4dfp.img
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_bpss.4dfp.ifh
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_bpss.4dfp.hdr
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_bpss.4dfp.img.rec
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_bpss_resid.4dfp.img
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_bpss_resid.4dfp.ifh
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_bpss_resid.4dfp.hdr
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_bpss_resid.4dfp.img.rec
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_bpss_resid_g7.4dfp.img
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_bpss_resid_g7.4dfp.ifh
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_bpss_resid_g7.4dfp.hdr
NEWT002_s1_b1_faln_dbnd_xr3d_uwrp_atl_bpss_resid_g7.4dfp.img.rec







Seed-based correlation

After preprocessing, we can now generate a seed-to-seed correlation matrix for our subject.

If you look at the docs for seed_correl_161012.csh, you’ll see that we only need to add which regions to analyze (ROIs) to our
instructions file.

Here we’ll use the canonical ROI list from $REFDIR as our input. You can use a different list of ROIS (i.e. BigBrain264,
BigBrain305), but there are a few things to be aware of:


	ROIlistfile should contain only a single column


The single column should contain just the ROI file names. If you have additional columns (i.e. listing the coordinates),
paste_4dfp will misinterpret them and cause the script to error. You can use the following command to create a file with just
the first column:

cat $ROIlistfile | awk '{print $1}' > ${ROIlistfile}_1col.txt










	The correlation matrix will not get generated if you have more than 256 ROIs


covariance used to only support up to 256 ROIs, so seed_correl checks for this and skips the correlation matrix step.
While covariance has been updated to support more ROIs, seed_correl has not. If you are using an ROI list with greater
than 256 ROIs, you will run the following commands (after you run seed_correl) to get the correlation matrix (and remove
intermediate files):

# from $FCdir
covariance -uom0 <patid>[_faln_dbnd]_xr3d_uwrp_atl.format <patid>_seed_regressors.dat
/bin/rm *_ROI*_CCR.dat













NEWT_study.params

# BOLD variables
set inpath = /path/to/project/${patid}
set target = $REFDIR/TRIO_KY_NDC
set go = 1
set sorted = 1
set economy = 0
set epi2atl = 1
set normode = 0

set nx = 90
set ny = 90

set skip = 0

set FDthresh = 0.2
set FDtype = 1
set anat_aveb = 10 # use 10mm preblur (voxel size < 3mm)

set TR_vol = 1.23
set TR_slc = 0 # use default (TR_vol/nslices)
set epidir = 0
set MBfac = 4
set seqstr = 1,8,15,6,13,4,11,2,9,16,7,14,5,12,3,10 # non-standard interleaving
set lomotil = 2 # filter FD in phase-encoding direction

set TE_vol = 33
set dwell = .59
set ped = y-
set rsam_cmnd = one_step_resample.csh

# fcMRI pre-processing
set srcdir = $cwd
set FSdir = /path/to/project/freesurfer/${patid}
set fcbolds = ( ${irun} )
set CSF_lcube = 3
set CSF_sd1t = 25
set CSF_svdt = .2
set WM_lcube = 5
set WM_svdt = .15
set bpss_params = ( -bh0.1 -oh2 )
set blur = .73542

# seed_correl ROIs
set ROIdir = ${REFDIR}/CanonicalROIsNP705
set ROIlistfile = ${REFDIR}/CanonicalROIsNP705/CanonicalROIsNP705.lst







Now we can go ahead and run it:

$ seed_correl_161012.csh NEWT002_s1.params ../NEWT_study.params





This produces a correlation matrix, ${FCdir}/${patid}_seed_regressors_CCR.dat.

You can display the matrix with any plotting tool (i.e. imagesc in matlab, matplotlib.pyplot.imshow in python).

[image: ../_images/corr_matrix.png]
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Downloading data from CNDA

There are 3 ways to download DICOM data from CNDA.


Manual download of a single subject

You can download DICOM data for a single subject by navigating to a particular subject session and selecting the ‘Download’ option from the actions menu.

[image: ../_images/cnda_session_page.png]
This will bring you to a page where you can select individual scans to download for a session.

[image: ../_images/cnda_single_session_download.png]


Manual bulk download


Warning

This Java applet will not work in Chrome; run from IE or other browser.



You can bulk download DICOM data for a project by navigating to the project page and selecting ‘Download Images’ from the actions menu.

[image: ../_images/cnda_project_page.png]
This will bring you to a page where you can select scan types to download for multiple subjects. The defaults in step 3 should be sufficient.

[image: ../_images/cnda_project_download.png]
The next screen will show a pop-up asking for permission to run the Java applet, choose ‘Run’.

[image: ../_images/cnda_project_download_run_screen1.png]
You will then choose a local folder to store the downloaded data before selecting ‘Start’ to begin the download.

[image: ../_images/cnda_project_download_run_screen2.png]


API download

Instuctions for using the XNAT REST API can be found on the XNAT wiki [https://wiki.xnat.org/docs16/4-developer-documentation/using-the-xnat-rest-api/downloading-files-via-xnat-rest-api]
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Creating a Freesurfer ROI Mask

This example will walk you through how to transform your Freesurfer segmentation into atlas space
and extract specific anatomical regions.


Transforming a Freesurfer segmentation to atlas space

If you ran recon-all using a native-space T1 image and did not specify a custom atlas,
you will need to transform your Freesurfer segmentation to your atlas space.
The command to do this is freesurfer2mpr_4dfp.


Note

If you have run fcMRI_preproc_161012.csh on your subjects, you can skip this step as it has already been done.



As shown in the usage information for the script, we will need to supply the Freesurfer orig and aparc+aseg
files in 4dfp format. Since Freesurfer outputs images in mgz format, we will first need to convert the required images to
4dfp. There is no direct conversion from mgz to 4dfp, so we will use nifti as an intermediate format.

$ cd /path/to/project
$ cd NEWT002_s1/atlas

$ mri_convert /path/to/fsdir/NEWT002_s1/mri/orig.mgz NEWT002_s1_orig.nii --out_orientation RAS
$ nifti_4dfp -4 NEWT002_s1_orig.nii NEWT002_s1_orig.4dfp.img

$ mri_convert /path/to/fsdir/NEWT002_s1/mri/aparc+aseg.mgz NEWT002_s1_aparc+aseg.nii --out_orientation RAS
$ nifti_4dfp -4 NEWT002_s1_aparc+aseg.nii NEWT002_s1_aparc+aseg.4dfp.img





The script relies on an existing transform from the subject’s MPRAGE to the target atlas. Because you don’t
supply the script with a t4 file, it looks in the atlas directory for a t4 file of the form
<(4dfp) mpr>_to_<target>_t4, where <(4dfp) mpr> is the MPRAGE supplied as the first argument (sans the
4dfp extension) and <target> is the value supplied to the -T flag.

From the subject’s atlas directory, we can now run the script - making sure to use the MPRAGE and
atlas that match the existing t4.

$ ls *mpr*to*_t4
NEWT002_s1_mpr1_to_TRIO_KY_NDC_t4

$ freesurfer2mpr_4dfp NEWT002_s1_mpr1.4dfp.img NEWT002_s1_orig.4dfp.img -TTRIO_KY_NDC





When it’s done, you should have the atlas-aligned aparc+aseg in 111, 222, and 333 space in your atlas folder.

$ ls *aparc+aseg_on*.4dfp.img
NEWT002_s1_aparc+aseg_on_TRIO_KY_NDC_111.4dfp.img
NEWT002_s1_aparc+aseg_on_TRIO_KY_NDC_222.4dfp.img
NEWT002_s1_aparc+aseg_on_TRIO_KY_NDC_333.4dfp.img







Creating ROI masks

Once you have the atlas-aligned segmentation image, you can create region masks by
masking the image using the Freesurfer-assigned region value (which can be found in the
Freesurfer lookup table [https://surfer.nmr.mgh.harvard.edu/fswiki/FsTutorial/AnatomicalROI/FreeSurferColorLUT]).

To extract a particular region, we would use zero_ltgt_4dfp to zero out all the voxels that are not equal to
that region’s value. If we wanted the left Amygdala, we would use the following:

$ zero_ltgt_4dfp 18to18 NEWT002_s1_aparc+aseg_on_TRIO_KY_NDC_333 NEWT002_s1_lAmygdala





If we wanted a binary mask of both the left and right Amydala, then we would need to follow the steps above again,
this time using the value for the right Amygdala. Then, we would need to combine them together using the add
operation of imgopr_4dfp. Finlly, we would use maskimg_4dfp with the -v1 flag to binarize the values.

$ zero_ltgt_4dfp 54to54 NEWT002_s1_aparc+aseg_on_TRIO_KY_NDC_333 NEWT002_s1_rAmygdala
$ imgopr_4dfp -aNEWT002_s1_amygdala NEWT002_s1_lAmygdala NEWT002_s1_rAmygdala
$ maskimg_4dfp -v1 NEWT002_s1_amygdala NEWT002_s1_amygdala NEWT002_s1_amygdala_msk
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Dicom utilities


dcm_dump_file

dump dicom header info to stdout

Usage: dcm_dump_file [-b] [-g] [-l] [-m mult] [-t] [-v] [-w flag] [-z] file [file …]

Options







	-b

	Input files are stored in big-endian byte order



	-e

	Exit on file open error.  Do not process other files



	-g

	Remove group length elements



	-l

	Use (retired) length-to-end attribute for object length



	-m mult

	Change VM limit from 0 to mult



	-t

	Part 10 file



	-v

	Place DCM facility in verbose mode



	-w

	Set open options; flag can be REPEAT



	-z

	Perform format conversion (verification) on data in files
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DTI


dwi_xalign3d_4dfp

motion compensation for dwi data (single run)

Usage:  dwi_xalign3d_4dfp <(4dfp) dwi> <(4dfp) mask>

Examples:

dwi_xalign3d_4dfp hbo08a_dwi1 hbo08a_dwi1_mskt -s -g2-4 -g5,13,18,23





Options







	-p

	planar (2D; disable cross-slice) alignment



	-w

	enable wrap addressing



	-s

	enable cross DWI voxel size adjust (principal axis stretch)



	-a

	compute group arithmeric mean volume (default geometric mean)



	-n

	zero negative values in output image



	-I<int>

	specify volume number of I0 counting from 1 (default 1)



	-f<flt>

	specify pre-blur filter half freq (1/mm) (default none)



	-d<flt>

	specify sampling interval in mm (default=5.0000)



	-i<flt>

	specify displacment search radius in mm (default=3.0000)



	-j<flt>

	specify parameter search object radius in mm (default=40.0000)



	-c<int>

	specify number of within-group cycles (default=3)



	-g<int>[-<int>][,<int>[-<int>]][,…]

	program alignment group






N.B.:   <(4dfp) mask> may be “none” 
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Evaluate and ROI-oriented programs


peak_4dfp

locate and consolidate maxima to generate ROI

Usage: peak_4dfp <file_4dfp>

Examples:

peak_4dfp grand_average_222[.4dfp.img] -s10





Options







	-s<flt>

	preblur with hard sphere kernel of specified radius (invokes hsphere_4dfp)



	-n<int>

	limit initial pos and neg peak list lengths (default=1000)



	-c<flt>[to<flt>]

	specify sign inverted curvature thresholds (default none)



	-v<flt>[to<flt>]

	specify peak value thresholds (default none)



	-d<flt>

	consolidate extremum pairs closer than specified distance



	-o<flt>

	output a fidl compatible 4dfp format ROI file with regions of specified radius



	-m<str>

	apply named mask file to output ROIs



	-N<int>

	specify output ROI minimum voxel count (default = 1)



	-a<str>

	append specified string to ROI output filename



	-q

	quiet mode (suppress rec file listing)



	-F

	force preblur image creation even if hsphere_4dfp result exists (no effect without -s<flt>)



	-@<b|l>

	output big or little endian (default input endian)






N.B.:   operations controlled by options -s, -n, -c, -v, -d, -o, -m, -N are applied serially in listed order 
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Filter in space


gauss_4dfp

spatial frequency domain

Usage:  gauss_4dfp <4dfp|conc input> f_half [outroot]

Examples:

gauss_4dfp pt349_study9to9 0.1
gauss_4dfp p1234ho5 0.7 p1234ho5_g7





Options







	outroot

	output file name (default = <inroot>_g<10*f_half>) (only for 4dfp input)



	-@<b|l>

	output big or little endian (default input endian)



	-w

	(wrap) suppress x and y padding



	-d

	differentiate






N.B.:   f_half is half frequency in 1/cm 
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Filter in time


bandpass_4dfp

Independent specification of low and high ends; remove linear trends; remove DC

Usage:  bandpass_4dfp <(4dfp|conc) input> <TR_vol>

Examples:

bandpass_4dfp qst1_b1_rmsp_dbnd_xr3d[.4dfp.img] 2.36 -bl0.01 -ol1 -bh0.15 -oh2





Options







	-b[l|h]<flt>

	specify low end or high end half frequency in hz



	-o[l|h]<int>

	specify low end or high end Butterworth filter order



	-n<int>

	specify number of pre-functional frames (default = 0)



	-I<int>

	specify interpolation mode (0 = none; 1 = linear; 2 = cubic spline) (default = 1)



	-f<string>

	specify frames-to-count format (overrides option -n)



	-F<string>

	read frames-to-count format from specified file (overrides options -n and -f)



	-t<str>

	change output filename trailer (default=”_bpss”)



	-a

	retain DC (constant) component



	-r

	retain linear trend



	-E

	code undefined voxels as 1.e-37



	-M

	disable undefined mask computation



	-B

	compute gain using correct Butterworth formula (default squared Butterworth gain)



	-@<b|l>

	output big or little endian (default input endian)






N.B.:   undefined values are zero, NaN, or 1.e-37 
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fMRI oriented programs


compute_defined_4dfp

generate mask of voxels defined over all frames

Usage:  compute_defined_4dfp <4dfp|conc input>

Options







	-z

	count zero voxels as undefined (default defined)



	-f<str>

	specify frames-to-count format (default count all)



	-F<str>

	read frames-to-count format from specified file








cs2ap_4dfp

Converts cosine and sine amplitude images to amplitude and phase. Primarily
used for phase-encoded retinotopy.

Usage:  cs2ap_4dfp <(4dfp) cos_img> <(4dfp) sin_img> <(4dfp) outroot>

Options







	-t<flt>

	specify amplitude threshold for phase map (default = 0.0000)



	-w<flt>

	specify pre-blur FWHM in mm (default = 0.0000)



	-@<b|l>

	output big or little endian (default input endian)








normalize_4dfp

scale to achieve mode 1000

Usage:  normalize_4dfp <(4dfp) image>

Examples:

normalize_4dfp -n3 my_run_4dfp
normalize_4dfp -n3 -v2 my_run_4dfp





Options







	-n<int>

	specify number of pre-functional frames



	-v0

	no frame to frame intensity stabilization



	-v1

	volume based frame to frame intensity stabilization (default)



	-v2

	slice  based frame to frame intensity stabilization



	-s

	disable mode=1000 normalization



	-z

	subtract mean volume from functional frames



	-h

	create <image>.hist file suitable for plotting, e.g., with xmgr



	-a<str>

	specify trailer (default=”norm”)



	-m<str>

	read specified 4dfp mask (default blur & threshold input image)



	-@<b|l>

	output big or little endian (default input endian)








deband_4dfp

correct systematic odd vs. even slice  intensity banding

Usage:  deband_4dfp <(4dfp) image>

Examples:

deband_4dfp -n3 mybold
deband_4dfp -F"3x125+" mybold





Options







	-e

	deband by exponential gradient model (default flat model)



	-g

	deband by linear gra