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Disclaimer	
	

	

StarTrack	-	Spherical	Deconvolution	&	Diffusion	Tractography	tools	
	

Copyright	©	2011-2017	Flavio	Dell'Acqua,	NATBRAINLAB	
	
	
**********************	
BETA	version		
**********************	
	
This	 is	 a	 BETA	 version,	 changes	 and	 updates	 may	 happen	 at	 any	 time.	 Although	 this	 software	 is	
relatively	stable,	nasty	bugs	may	be	still	hiding	in	the	dark.	Please	always	backup	your	research	data	
before	installing,	upgrading	or	using	this	software.	
	
Please	visit	www.mr-startrack.com	or	www.natbrainlab.com	to	receive	the	latest	news	and	updated	
version	of	the	software.	Feedback,	critics	and	suggestions	are	always	welcome.		
	
	
**********************	
Disclaimer	
**********************	
	
	
This	program	is	developed	for	research	purposes	and	distributed	in	the	hope	that	it	will	be	useful	
but	WITHOUT	ANY	WARRANTY.	The	author	assumes	no	responsibility	whatsoever	 for	 the	use	of	
this	software	by	other	parties,	and	make	no	guarantees,	expressed	or	 implied,	about	 its	quality,	
reliability,	or	any	other	characteristic.	
	
	

Clinical	applications	are	NOT	supported	or	advised.	
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Introduction	
	

StarTrack	 is	 a	 software	developed	 to	 analyse	diffusion	 imaging	data	using	 spherical	 deconvolution	
(SD)	 and	 tractography	 methods.	 It	 computes	 fibre	 orientation	 distributions	 (FOD)	 and	 performs	
whole-brain	 tractography	 using	 different	 algorithms	 to	 map	 the	 human	 white	 matter	 anatomy.	
StarTrack	 also	 allows	 you	 to	display,	manipulate	 and	 rotate	 fibre	orientation	distributions	 in	 large	
brain	 regions,	 to	 help	 calibrate	 and	 fine-tune	 SD	 parameters	 on	 your	 datasets	 and	 check	 if	
everything	is	okay	with	your	data.	

The	 software	 is	 relatively	 simple	 to	use	and	 I	hope	you	will	 find	 it	useful	 for	 your	 studies.	 SD	and	
tractography	 algorithms	 implemented	 in	 this	 software	 have	 been	 tested	 for	 some	 time	 now,	 and	
already	many	publications	have	applied	them	successfully.	However,	it	is	important	to	be	aware	that	
tractography	 is	 still	 an	 evolving	 technique	 and	 the	 limitations	 of	 these	 methods	 need	 to	 be	
considered	when	interpreting	results.	For	some	datasets	or	particular	anatomical	tracts	we	are	still	
far	from	an	optimal	setup	and	a	lot	of	research	in	tractography	methods	is	still	required	to	get	more	
robust	 results	 in	 these	 situations.	 In	 future	 updates,	 new	 features	will	 be	 included	 to	 help	 in	 this	
direction	together	with	other	new	improvements	already	waiting	behind	the	scenes.	

This	software	has	been	developed	to	be	modular	and	to	grow	one	step	at	a	time.	Feel	free	to	tell	me	
what	 you	 like	 or	 dislike	 in	 this	 version,	 and	 help	 to	 shape	 future	 updates	 by	 explaining	 how	 you	
would	like	things	to	be	changed	and	improved.	I	can’t	promise	I	will	do	everything,	but	I	can	still	try!		

With	 your	 help,	 I'm	 focusing	 now	 on	 getting	 good	 foundations	 and	 hopefully	 building	 something	
useful	for	the	analysis	of	diffusion-imaging	data.	

	

Flavio	Dell’Acqua	
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0.	Before	Starting	(IMPORTANT!)	
	

If	you	are	running	the	MATLAB	version	of	StarTrack	please	make	sure	you	have	set	the	right	“.MAT	
file”	preferences	in	your	MATLAB	environment.	You	need	to	allow	for	large	variables	(>2GB),	as	the	
file	size	is	huge!	If	you	don’t	do	that,	processing	will	fail	to	save	the	data	correctly	and	you	will	get	
error	messages.	To	set	up	this,	in	MATLAB	preferences	please	select	the	following	option:	

	

	

1.	Installation	
	

1)	 Download	 the	 latest	 version	 of	 StarTrack	 from	 www.mr-startrack.com	 or	 visit	
www.natbrainlab.com.	Save	and	unzip	in	a	chosen	directory/folder.	

2)	Setup	your	MATLAB	path.	In	MATLAB	open:	File	->	Set	Path	->	Add	with	Subfolders.	Navigate	to	
the	directory	where	you	placed	StarTrack	and	select	 it	to	add	the	software	to	MATLAB	script	path.	
Save	and	close.	

3)	To	start	the	software,	type	StarTrack	in	the	MATLAB	control	panel.	

Optional:	

After	 few	 requests,	 a	command	 line	 version	of	 StarTrack	 is	now	also	available	 to	 run	 through	 the	
terminal	without	the	need	of	a	graphical	user	interface	(GUI).	Please	note	this	is	an	advanced	option	
and	to	use	it	correctly	you	need	to	be	able	and	know	how	to	edit	the	MATLAB	file	StarTrack_CLI.m	
(located	 inside	 the	 installation	 folder	 /ST_yourversion/MAIN/).	 Within	 this	 file,	 you	 can	
specify	the	same	options	as	 in	the	GUI.	After	you	have	edited	the	file,	you	can	run	 it	with	 just	 the	
command	StarTrack_CLI.	Please	read	the	code	comments	for	more	information.	
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2.	Preparing	Data	for	Processing	
	

StarTrack	 requires	 pre-processed	 data,	 corrected	 for	 motion,	 susceptibility	 and	 eddy-current	
distortions.	 These	 processing	 steps	 can	 be	 performed	 by	 various	 software	 packages,	 such	 as	 FSL,	
ExploreDTI	and	TORTOISE,	of	which	StarTrack	is	compatible	with,	(accepting	inputs	in	both	.nii/nii.gz	
(FSL,	TORTOISE)	and	.mat	(ExploreDTI)	format).	

	

Notes	for	.nii/nii.gz	diffusion	data	

-	 4D	 .nii/nii.gz	 files	 need	 to	 have	 all	 b0	 volumes	 at	 the	 beginning	 followed	 by	 the	 DWI	 volumes.		
(Future	releases	will	introduce	a	tool	to	handle	both	not-sorted	b0s	and	multi-shell	data).	

-	.bvals	and	.bvecs	files	are	also	required	to	read	the	diffusion	gradient	table.	

-	For	tractography	and	whole	brain	analysis,	a	brain	mask	(in	.nii	format)	also	needs	to	be	provided	
to	exclude	regions	outside	the	brain.	A	simple	and	quick	way	to	get	a	brain	mask	is	to	use	BET	from	
FSL	(for	more	details	visit	FSL	webpage	-	http://www.fmrib.ox.ac.uk/fsl/).	You	can	try	this	single	line	
terminal	command:	

bet <input_image> <output_image>  -f 0.3 –m -n  

(-f	0.3	produces	a	slightly	 larger	mask	than	default	option,	while	–m	saves	the	binary	mask	and	–n		
specifies	 do	 not	 output	 the	 segmented	 brain	 image.	 If	 you	 want	 reduce/erode	 the	 mask,	 run	
fslmaths	mymask.nii.gz	–ero	mymask_ero	).	

	

Notes	for	.mat	diffusion	data	

If	you	are	using	.mat	files	from	ExploreDTI	everything,	is	already	included	inside	these	files.	However,	
if	you	want	to	use	a	different	brain	mask	(for	example,	one	with	better	skull	stripping)	you	can	still	
provide	an	alternative	brain	mask.		
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3.	Running	StarTrack	
	

After	running	StarTrack	from	the	MATLAB	command	line,	the	main	StarTrack	window	opens	(see	
Figure	1).	From	this	window,	you	can	setup	all	processing,	and	run	everything	by	pressing,	“RUN”.	If	
everything	goes	well	in	a	few	minutes	(or	more	depending	how	many	subjects	you	have	or	how	big	is	
your	datasets)	you	should	have	your	maps	and	tractography	datasets.	 	

Note:	In	the	current	release	all	tractography	data	is	automatically	saved	in	.trk	file	format.	This	is	an	
open	format	used	by	Trackvis	(www.trackvis.org),	a	free	and	user-friendly	software,	that	can	be	used	
to	display,	dissect	and	analyse	tractography	data.	Future	releases	will	allow	tract	data	to	be	exported	
in	other	file	formats.	

	

Figure	1	-	StarTrack	Main	Window	

	

The	software	interface	is	designed	to	be	self-explanatory	and	intuitive.		

In	the	“General”	panel,	you	specify	if	either	single	or	multiple	dataset(s),	as	well	as	the	file	type:.nii	
or	.mat.	

“Data	Source”	 follows	on	 from	general	and	 is	where	you	should	provide	all	 the	 information	about	
your	 data.	 If	 you	 are	 processing	 a	 single	 dataset	 you	 need	 to	 specify	 the	 individual	 file	 (and	 it’s	
location/path)	while	if	you	are	processing	multiple	datasets	you	need	to	select	the	folder	where	the	
files	are.		

• If	 you	 are	 using	 .mat	 files	 only	 the	 first	 line	 need	 to	 be	 filled.	 .bvals/.bvecs	 option	 is	
automatically	 disabled	 and	 the	 mask	 option	 becomes	 optional	 if	 you	 want	 to	 use	 a	
different	brain	mask.	

• If	you	are	using	.nii	files	you	need	to	provide	the	location	of	.bvals/.bvecs	files	for	the	
diffusion	 gradient	 table.	 You	 also	 need	 to	 select	 Load	 brain	 mask	 and	 select	 the	
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relevant	brain	mask	file.	Mask	files	need	to	have	the	same	name	as	diffusion	data	(for	
each	subject)	but	with	the	suffix	“_mask.nii”	

E.g.		Diffusion	data	=	SBJ001.nii			Mask	=	SBJ001_mask.nii		

Mask	 files	 can	 be	 left	 in	 the	 same	 folder	 of	 your	 diffusion	 data	 or	 can	 be	 placed	 in	 a	
different	folder	if	you	prefer	to	keep	a	clean	folder	structure.	

• With	both	 .nii	 and	 .mat	 files	 you	 can	 also	define	 an	optional	 seed	 region	 that	 define		
where	 to	 start	 tractography	 from,	 if	 you	don’t	want	use	 a	whole-brain	 approach.	We	
suggest	 using	 this	 option	 for	 probabilistic	 tractography,	 as	 this	method	will	 generate	
very	large	files	(>10GB).	If	you	want	to	use	this	option	for	multiple	subjects	you	should	
use	the	same	file	name	convention	you	used	for	the	diffusion	data	(and	the	mask),	with	
the	suffix	“_seed.nii”.	

E.g.		Diffusion	data	=	SBJ001.nii			Seed	=	SBJ001_seed.nii		

In	 “Modelling”	and	“Tractography”	you	can	define	 the	processing	parameters	you	want	 to	use	 for	
your	 analysis.	 If	 you	 already	 know	 the	 optimal	 DTI/SD	 and	 tractography	 parameters	 for	 your	
protocol,	enter	them	and	press	RUN.	For	each	subject,	a	new	folder	will	be	created	where	all	output	
maps	and	tractography	files	will	be	saved.	

“Modelling”	and	“Tractography”	can	be	disabled	if	the	user	requires	only	one	of	these	two	options.	
For	example,		to	run	tractography	with	different	parameters	without	performing	SD	again.	

Notes:	
Information	about	the	progress	of	the	analysis	is	displayed	in	the	MATLAB	command	window.	Similar	
information	is	also	saved	in	two	log	files	(logSD.txt,	logTRK.txt),	within	each	subject	folder.	These	files	
provide	the	user	with	a	useful	record	of	the	input	parameters	used.		
	

Additional	options	are	also	available	on	the	top	right	just	below	the	logo.		

• The	Only	HARDI	maps	option	disables	all	modelling	and	tractography,	 returning	maps	that	
do	 not	 required	 any	 specific	 model.	 Output	 images	 include	 the	mean-b0	 and	mean-DWI	
maps,	 together	 with	 Anisotropic	 Power	 (AP)	 and	 residual	 maps	 both	 based	 on	 spherical	
harmonics	signal	decomposition	–	(see	Dell’Acqua	et	al.	2014).	

• The	OptimLM	 option	 enables	 the	 accurate	 estimation	of	 the	 FOD	peaks.	 Please	 note,	 this	
option	 it	 is	 still	 quite	 slow	 but	 can	 be	 disabled	 for	 quick/preliminary	 results,	 and	 isn’t	
necessary	for	probabilistic	tractography	

• The	CPU	option	gives	the	actual	number	of	CPUs	detected	on	the	machine.	It	is	possible	to	
change	this	value	to	a	lower	number	(e.g.	to	not	use	all	machine	resources)	or	higher	(if	your	
machine	has	HyperThreading).		

• The	CD	button	allows	the	user	to	specify	and	change	the	working	directory	within	StarTrack.	
• The	Calibrate	SD	button	opens	the	separate	window	to	calibrate	SD	and	FOD	visualisation.		

	



	 10	

4	SD	Calibration	and	FOD	display	
	

If	you	don’t	know	what	parameters	your	data	requires	then	this	section	is	for	you!		

From	 the	main	StarTrack	window	select	 the	button	Calibrate	SD	 in	 the	upper	 right	 corner.	A	new	
window	with	more	tools	will	now	appear	(Figure	2).		

Load	the	data	you	would	like	to	calibrate.		

If	you	are	using	a	.mat	(ExploreDTI)	file		select	Load	Data	(.mat)	and	locate	your	file.	

If	you	are	using	a	.nii	(FSL)	file	select	Load	Data	(.nii)	and	locate	your	file.	You	will	also	need	to	
select	 the	 Load	 Bvec	 option	 and	 load	 the	 appropriate	 .bval	 file.	 Note:	 The	 .bvec	 file	 will	 be	
automatically	loaded	for	you.	

When	the	data	 is	successfully	 loaded,	the	Ready	 icon	will	be	highlighted	and	the	“Data	Info”	panel	
will	display	all	the	details	about	your	dataset.		

	
		

	
Figure	2	–	SD	Calibrate	Window	
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4.1	Basic	Controls		
	

- Brightness	can	be	controlled	using	the	slider	in	the	“Brightness”	panel.		
- “Slice	Controls”	display	Axial	(A),	Sagittal	(S)	and	Coronal	(C)	sections	while	also	allowing	the	

user	to	navigate	between	DWI	volumes.		
- Rectangular	regions	of	interest	can	be	drawn	by	selecting	the	corresponding	ROI	view	and	by	

pressing	 Draw	 ROI	 in	 the	 “ROI	 controls”	 panel.	 You	 just	 need	 to	 click	 the	 two	 diagonal	
corners	of	the	rectangle	(i.e.	top	left	and	bottom	right)	to	define	a	ROI.	

- An	additional	3D	volume	 (defined	 in	 the	same	space	and	 identical	matrix	 size)	can	be	also	
loaded	by	selecting	load	3D	volume.		

4.2	Gradient	Table	Alignment	
	

The	first	step	in	SD	calibration	is	to	verify	that	the	gradient	table	is	coherently	aligned	with	the	your	
diffusion	data.	Data	conversions	and/or	MR	scanner	manufacturers	sometimes	mix	things	up	so	it	is	
always	a	good	idea	to	verify	that	everything	 is	ok,	and	correct	 it	 if	necessary.	This	check	should	be	
done,	at	least	once,	when	new	data	is	analysed	from	a	different	scanner	or	with	new	protocols.	Then	
the	same	corrections	can	be	applied	to	the	following	subjects.	

In	 the	 Axial	 view	 locate	 the	 splenium	 of	 the	 corpus	 callosum	 (Figure	 3a)	 and	 in	 the	 ROI	 Controls		
select	Axial	ROI,	 followed	by	Draw	ROI.	 	Draw	a	ROI	that	 includes	a	 large	portion	of	the	splenium.	
(To	draw	one	ROI	you	just	need	to	left	click	with	your	mouse	on	two	opposite	corners	of	the	ROI	you	
want	 to	create).	Here,	we	use	 the	splenium	as	 reference	white	matter	 region	as	we	already	know	
how	fibres	are	oriented.	

(Because	 we	 need	 a	 simple	 quick-look	 result	 only	 to	 check	 if	 everything	 is	 ok,	 we	 can	 leave	 the	
parameters	in	the	Fibre	Response	and	SD	algorithms	panels	as	they	are	for	now).	

The	only	thing	we	really	need	to	do	 is	to	select	Calculate	FODs	 in	the	SD	tools	panel	and	wait	few	
seconds	that	MATLAB	visualise	the	corresponding	FOD	field.	Depending	on	the	data	you	have,	you	
may	need	to	change	the	zoom	factor	to	rescale	FODs	to	a	scale	similar	to	Figure	3.	

	
Figure	3	-	a)	Axial	ROI	drawing;	b)	Incorrect	FOF	visualisation;	c)	Correct	FOF	visualisation	
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In	 the	 example,	 Figure	 3b	 doesn’t	 show	 the	 expected	 FOD	 orientation	 of	 the	 splenium	 and	 this	
suggests	that	gradients	are	not	correctly	oriented	with	the	data.	The	correct	view	is	Figure	3c,	with	
all	FODs	following	the	known	white	matter	(WM)	trajectory	of	the	splenium.	To	obtain	the	correct	
view	we	need	to	run	again	Calculate	FODs	and	select	the	Fibre	Response	panel.	There	are	4	options	
to	choose	from,	with	INVERT	X	being	the	right	one	in	this	example.			

Always	verify	FODs	alignment	is	correct	at	least	on	two	orthogonal	views	(e.g.	Coronal	AND	Axial)	.	

Using	the	previous	example,	we	can	do	the	same	on	the	Coronal	slice.	Draw	the	ROI	from	superior	to	
the	body	of	the	corpus	callosum	and	then	extend	it	laterally,	so	that	the	corona	radiata,	and	a	bit	of	
the	ventricles	are	 included	within	 the	ROI.	 	 In	Coronal	view,	 the	body	of	 the	corpus	callosum	and	
corona	radiata	are	usually	good	anatomical	references	to	check	gradient	alignments	(Figure	4).		

	
Figure	4	-	a)	Coronal	ROI	drawing;	b)	Incorrect	FOF	visualisation;	c)	Correct	FOF	visualisation	

	

	

Additional	Note:	

There	may	be	a	few	cases,	when	the	data	are	not	collected	according	to	a	standard	orientation	(i.e.	
different	than	axial	or	oblique),	or		where	X,	Y	or	Z	components	of	the	gradient	table	are		swapped.	
This	sometimes	happens	on	data	from	some	Philips	MR	scanner.	 	To	fix	this	use	the	Swap-Gradient	
option	on	the	drop-down	menu.	
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4.3	SD	and	Tractography	Calibration	
	

A	 useful	 way	 to	 understand	 the	 effects	 different	 SD	 parameters	 make	 is	 to	 change	 one	 of	 the	
parameters,	 and	 see	 how	each	 option	 affects	 the	 results	 obtained	with	Calculate	 FODs.	 Although	
simulations	 can	 be	 run,	 to	 identify	 the	 optimal	 parameters	 for	 general	 configurations,	 practical	
applications	 often	 require	 manual	 tuning,	 due	 to	 different	 MR	 systems,	 noise	 levels	 and	 tissue	
properties.	Normally	ALFA,	 (the	fibre	response	function	parameter),	 iter	 (the	number	of	 iterations	
of	 the	deconvolution	algorithm)	and	n	 (the	damping	parameter	 for	 the	dRL	regularisation)	are	 the	
three	parameters	that	make	most	of	the	difference.	The	main	idea	is	to	nicely	resolve	fibre	crossing	
while	avoiding	spurious	peaks	in	grey	matter	(GM)	or	cerebrospinal	fluid	(CSF).					

The	following	examples	are	good	starting	points	for	generic	HARDI	protocols.	For	a	brief	overview	of	
different	SD	parameters	please	refer	to	Section	5.	

3T	b=3000	s/mm2,	7	b0,	60	DWI	volumes		

			ALFA	=	1.5	
			iterations			=	200	
			n								=	0.0015		(This	is	normally	smaller	than	the	absolute	threshold	for	tracking	–	see	later)	
			r									=	8	
	
3T	b=1500	s/mm2,	7	b0,	60	DWI	volumes	

			ALFA	=	1.5	–	2.0	
			iterations			=	400	
			n								=	0.002				
			r									=	8	
	
The	threshold	 level	 is	also	an	 important	parameter	of	choice,	as	 it	 is	used	to	discriminate	between	
true	fibre	orientations	and	spurious	components	for	tractography	applications.		

• Absolute	 Threshold	 is	 a	 threshold	 defined	 as	 an	 absolute	 FOD	 amplitude	 value.	 This	
threshold	 is	 particularly	 useful	 because	 it	 is	 absolute	 and	 constant	 across	 all	 brain	
voxels,	and	comparable	across	subject.		

This	 threshold	 can	be	visualised	easily	by	enabling	 the	 threshold	 spheres	 option	 in	 the	 “SD	 tools”	
panel.	 This	 option	 is	 helpful	 for	 deciding	 at	 which	 level	 to	 reject	 FOD	 local	 maxima	 or	 stop	
propagating	 a	 streamline.	 Figure	 5	 shows	 a	 visualisation	 of	 the	 absolute	 threshold	 (red	 spheres)	
across	 all	 voxels	 compared	 to	 a	 relative	 threshold	 (blue	 spheres)	 (i.e.	 5%	 the	 FOD	 maximum	
amplitude).		
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Figure	5	–	Absolute	and	Relative	Thresholds	

	
From	the	previous	protocol	setup	examples,	reasonable	thresholds	could	be:	

b=3000	s/mm2	 	 	 b=1500	s/mm2	
Abs	=	0.002	 	 	 Abs	=	between	0.0025	and	0.003	
	
Please	note	that	these	values	are	only	indicative	and	strongly	dependent	on	the	quality	and	SNR	of	
the	data	available.	 If	 data	 is	 very	noisy	 you	may	need	 to	 select	higher	 thresholds	 to	avoid	getting	
spurious	orientations	or	artefactual	tractography	reconstructions,	but	this	might	result	in	the	loss	of		
some	components.	Another	reason	why	a	high	quality	acquisition	is	important!	
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4.3	Advanced	Visualisation	of	large	FOD	fields	
	

With	the	calibration	tool	it	is	possible	to	change	SD	parameters	and	immediately	see	the	results	on	
large	FOD	fields.		The	calibration	tool	is	also	useful	to	create	high-quality	display	of	FOD	fields.	

Here	is	a	summary	of	the	options	available	and	few	examples:	

- By	default	FOD	fields	are	displayed	using	absolute	amplitudes	but	a	normalised	view	can	be	
also	 selected	 in	 the	 “SD	 tools”	 panel	 to	 display	 all	 FOD	 profiles	 rescaled	 to	 the	 same	 size	
(Figure	6).	(zoom	and	thresholds	spheres	options	are	disabled	in	this	view)	
		

- The	FOD	fields	are	true	3D	visualisations	that	you	can	rotate,	translate,	zoom,	etc.	using	the	
camera	toolbar	options	available	in	MATLAB.	(Depending	on	your	graphic	hardware	and	the	
complexity	of	the	object	you	are	visualising	the	refresh	rate	of	the	display	can	be	either	very	
quick	or	slow).		

	

	

		

Figure	6	–	Normalised	View	and	3D	visualisation	options.		

	

	

	

	

	



	 16	

The	Nice	 FOD	option	 is	 also	 available	 in	 the	 “SD	 tools”	 panel	 to	 display	 FOD	 fields	 using	 a	much	
higher	number	of	polygons	to	get	a	better	picture	and	smoother	FOD	profiles.	This	option	should	be	
used	with	caution,	and	only	for	the	final	rendering	because	it	is	computer	and	RAM	intensive.	Long	
Waits	and	MATLAB	crashes	here	are	not	unusual,	but	results	are		worth	the	wait.	

	

Figure	7	–	(Left)	Normal	Display,	(Right)	Nice	FOF	
	

	
Figure	7b	–	Sagittal	view	of	a	portion	of	the	Arcuate	Fascicle	(Nice	FOF)	

	

	

Once	you	are	happy	with	your	parameters,	exit	the	Calibrate	SD	window	and	enter	the	relevant	
parameters	into	the	SD	parameters	panel	of	“Modelling	and	Maps”.	
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5	Spherical	Deconvolution	Parameters	

This	section	provides	some	guidelines	to	help	to	tune	the	SD	parameters.	For	additional	information	
please	 refer	 to	 the	 following	papers:	Dell’Acqua	et	 al.	Neuroimage	2010,	Dell’Acqua	 et	 al.	Human	
Brain	Mapping	2013.	

	

5.1	Fibre	Response	
	

In	the	“Fibre	Response”	panel	you	can	change	the	value	of	ALFA	to	control	the	shape	of	the	profile	
of	the	fibre	response	function.	 In	StarTrack	the	fibre	response	function	 is	characterised	by	a	single	
ALFA	 (α)	 term.	 Increasing	 ALFA	 gives	 shaper	 fibre	 response	 profiles	 and	 better	 resolves	 crossing	
fibres	 but	 also	 makes	 FOD	 estimation	 more	 sensitive	 to	 noise.	 By	 reducing	 the	 ALFA	 value,	 FOD	
profiles	get	smoother	and	less	crossing	configurations	can	be	resolved	but	also	the	overall	solution	
becomes	more	stable	to	noise.	Different	fibre	response	signal	profiles	are	shown	in	Figure	8.	

	

Figure	8	–	Sagittal	view	of	a	portion	of	the	Arcuate	Fascicle	(Nice	FOF)	
	

	

Another	factor	affecting	the	shape	of	the	fibre	response	function	is	the	b-value,	with	higher	b-values	
making	the	fibre	responses	sharper.	However,	we	can’t	control	this	parameter	because	it	 is	defined	
during	the	data	acquisition	stage.			
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5.2	Richardson-Lucy	(RL)	
	

The	 Richardson-Lucy	 (RL)	 SD	 algorithm	 was	 the	 first	 basic	 implementation	 of	 the	 deconvolution	
algorithm	 used	 in	 StarTrack.	 Together	 with	 the	 ALFA	 parameter	 it	 requires	 only	 one	 additional	
parameter,	 the	 number	 of	 algorithm	 iterations	 (ITER)	 to	 run.	 Figure	 9	 shows	 how	 the	 RL-SD	
algorithm	works.	The	algorithm	starts	 from	a	 (noisy)	HARDI	 signal	S	 and	one	spherical	FOD	profile	
f(0),	at	each	iteration	it	improves	the	FOD	estimation	until	the	two	fibre	orientation	are	completely	
resolved.	

	

	

Figure	9	–	Richardson-Lucy	Spherical	Deconvolution	Algorithm	

	

With	high	b-value	datasets	 (e.g.	b=3000	s/mm2)	200	 iterations	results	 in	a	good	angular	resolution	
while	 avoiding	 noise	 amplification	 effects.	 Increasing	 the	 number	 of	 iterations	 (e.g.	 to	 400)	 is	
necessary	for	 lower	b-values	(e.g.	b=1500	s/mm2),	or	when	SNR	is	high	and	noise	effects	are	not	a	
problem.	

As	 a	 general	 rule,	 the	 more	 iterations,	 the	 sharper	 the	 FOD	 profile,	 resulting	 in	 more	 fibre	
orientations	 being	 resolved	 but	 more	 noise	 effects.	 Therefore,	 for	 very	 noisy	 data	 it	 may	 be	
necessary	 to	 reduce	 the	 number	 of	 iterations	 to	 get	 very	 smooth	 profiles	 although	 this	 will	 only	
highlight	a	few	dominant	fibre	components.		

	

	Please	note	that	all	processing	and	tractography	is	now	based	on	the	dRL	algorithm	(next	section).	
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5.3	Damped	Richardson-Lucy	(dRL)	
	

In	the	brain,	differences	in	anisotropy	not	only	reflect	mixtures	of	different	fibre	orientations	but	are	
also	 due	 to	 partial	 volume	 effects	 (between	 white	 matter	 and	 other	 isotropic	 components).	 The	
presence	of	additional	isotropic	compartments	introduces	a	constant	background	in	the	FOD	profile	
that	 can	deactivate	or	 reduce	 the	effect	of	non-negative	 constraints	applied	by	 the	deconvolution	
algorithm.	This	makes	 the	FOD	more	 sensitive	 to	 spurious	 components	and	noise	 instabilities	 (see	
Figure	10	left).		

The	damped	Richardson	Lucy	(dRL)	SD	algorithm	adopts	an	adaptive	regularisation	approach	based	
on	 the	 absolute	 amplitude	 of	 the	 recovered	 FOD	 profiles	 to	 counteract	 these	 effects.	 Major	
components	 and	 large	 FOD	 lobes	 from	 high	 anisotropic	 components	 receive	 minimal	 or	 no	
regularisation,	preserving	their	angular	resolution.	Smaller	components,	usually	closer	to	the	noise	
level	and	more	sensitive	to	noise	effects	receive	a	stronger	penalisation.	This	help	to	reduce	most	of	
the	 spurious	 components	 in	 regions	 affected	 by	 partial	 volume	 while	 preserving	 the	 angular	
resolution	of	the	major	fibre	orientations.	

	

	

	

	

	

	

	

	
	

Figure	10	–	RL	and	dRL	SD	algorithms	in	the	absence	or	presence	of	isotropic	partial	volume	(isot	=	0.0	or	0.5).	The	dRL	gives	the	same	
results	in	absence	of	partial	volume	but	it	also	removes	spurious	components	with	isotropic	contamination.	

	

Together	 with	 the	 ALFA	 and	 ITER	 parameters,	 the	 dRL-SD	 algorithm	 requires	 two	 regularisation	
parameters:	

The	parameter	n	acts	as	a	threshold	parameter	and	controls	at	which	amplitude	of	the	FOD	damping	
is	activated.	This	value	is	usually	small	compared	to	the	amplitude	of	the	recovered	FOD	profile	and	
needs	 to	be	 smaller	 than	 the	absolute	 threshold,	which	 is	used	 to	 identify	 local	maxima	and	stop	
tractography	(see	section	4.3	for	examples).			

The	parameter	r	is	a	geometrical	parameter	that	describes	the	profile	of	damping	curve	and	how	fast	
the	 damping	 turns	 on	 and	 off.	 Depending	 on	 your	 dataset,	 higher	 values	 may	 help	 to	 obtain	 a	
sharper	 transition	 between	 the	 regions	 where	 damping	 is	 either	 active	 or	 inactive.	 For	 practical	
applications,	we	have	found	this	parameter	has	little	effect	on	the	final	results	and	that	a	value	≥	8	is	
adequate	for	the	majority	of	datasets.		
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6	Spherical	Deconvolution	Tractography	
	

[to	be	expanded…]	

Once	SD	parameters	have	been	defined,	tractography	is	quite	simple	to	set	up	in	the	“Tractography”	
panel.	Two	main	tractography	approaches	are	now	supported:	Deterministic	and	Probabilistic.	

Deterministic	is	currently	the	default	tractography	algorithm	and	it	is	based	on	[].	This	algorithm	has	
already	been	successfully	applied	in	several	publications.	Probabilistic	is	a	recent	addition	and	we	are	
still	 researching	 and	 evaluating	 new	ways	 to	 improve	 this	 type	 of	 tractography.	 Therefore,	 please	
consider	the	probabilistic	tractography	to	be	in	a	development/BETA	stage	with	changes	likely	in	the	
future.	For	reference	the	current	algorithm	is	based	on	[].		

To	use	Deterministic	tractography	you	need	to	select:	

1. The	tractography	algorithm:	M-Euler	(default)	or	M-FACT.		
2. The	Absolute	threshold.	Please	note	that	for	thresholds	lower	than	the	n	threshold	defined	

in	 “Modelling”	 there	 will	 be	 no	 effect	 as	 the	 local	 maxima	 have	 been	 already	 filtered	 in	
previous	 step.	 However,	 when	 using	 the	M-Euler,	 a	 lower	 absolute	 threshold	 can	 be	 still	
used	as	a	 stopping	 rule	 to	allow	 lower	values	 that	 result	 from	 interpolation	of	 streamlines	
during	streamline	propagation.	

3. Tractography	algorithm	step	size.	(Only	for	M-Euler).		
4. Tractography	angle	threshold.		
5. Minimum	 streamline	 length.	 By	 default	 everything	 shorter	 than	 2cm	 is	 not	 saved.	 This	

makes	 a	 huge	 difference	 between	 having	 300.000	 or	 80.000	 streamlines,	 and	 therefore	
makes	file	sizes	more	manageable.	

6. Maximum	streamline	length.		
	
(Optional):	

7. Runs	defines	the	number	of	seeds	placed	 in	each	voxel	 (per	fibre	orientation).	Please	note	
seeding	position	within	a	voxel	is	always	randomised.	

8. 	AP	 is	 used	 as	 a	 more	 refined	 way	 of	 masking	 tractography	 and	 avoiding	 streamlines	
propagating	 outside	 the	 brain	 or	 in	 the	 CSF,	 similar	 to	 the	 FA	 stopping	 threshold	 used	 in	
tensor	based	tractography	models.	The	default	value	(4)	is	suitable	for	typical	datasets.			

	

To	use	Probabilistic	tractography	(BETA)	you	need	to	enter	the	following	options:	

1. We	suggest	using	probabilistic	tractography	with	predefined	seed	regions.	 In	this	case,	you	
can	 increase	 the	 number	 of	 runs	 to	 100	 or	 more	 while	 keeping	 reasonable	 computation	
times.	Runs	here	defines	 the	number	of	probabilistic	 streamlines	 that	will	be	generate	 for	
each	voxel.	 	 If	you	want	 to	use	probabilistic	 tractography	with	a	whole	brain	approach,	be	
aware	that	file	size	and	number	of	streamlines	will	grow	exponentially;	20	runs	per	voxel	will	
already	generate	GB’s	of	data!	

2. ABS:	As	for	deterministic	tractography	the	absolute	threshold	can	be	chosen	to	stop	tracking	
when	 FOD	amplitudes	 are	 too	 low.	 Preliminary	 results	 for	 probabilistic	 tractography	 show	
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that	 slightly	 higher	 thresholds	 compared	 to	 deterministic	 (ABS=0.003-0.0035)	 give	 good	
reconstructions	while	better	controlling	for	spurious	tracts.			

3. Angle:	Smaller	angle	thresholds	are	advised	with	probabilistic	tractography	(~20-25°)		

	

	

	

If	you	are	happy	with	your	parameters	press	“RUN”.	After	StarTrack	has	 finished	tracking,	you	can	
now	open	the	results	using	TrackVis	and	start	your	virtual	dissections.	Enjoy!	

	

	


