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#i fndef _NI FTI _HEADER_
#def i ne _NI FTI _HEADER_
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** This file defines the "NIFTI-1" header format. **
** |t is derived from2 neetings at the NITH (31 Mar 2003 and *x
** 02 Sep 2003) of the Data Format Working G oup (DFWG, **
** chartered by the NIfTI (Neuroinmaging Informatics Technol ogy **
** |nitiative) at the National Institutes of Health (N H). *x
* % * %
** Neither the National Institutes of Health (NIH), the DFWG **
** nor any of the nenmbers or enpl oyees of these institutions **
** inply any warranty of usefulness of this material for any **
** purpose, and do not assume any liability for damages, **
** jncidental or otherw se, caused by any use of this docunent. **
** |f these conditions are not acceptable, do not use this! **
* % * %
** Aut hor: Robert W Cox (N MH, Bethesda) **
** Advi sors: John Ashburner (FIL, London), **
** Stephen Smith (FMRIB, Oxford), **
** Mark Jenki nson (FMRI B, Oxford) **
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/* Note that the ANALYZE 7.5 file header (dbh.h) is
(c) Copyright 1986-1995
Bi onedi cal | nmagi ng Resource
Mayo Foundati on
I ncor poration of conponents of dbh.h are by pernission of the
Mayo Foundati on.

Changes fromthe ANALYZE 7.5 file header in this file are released to the
public domain, including the functional comments and any anusing asi des.

The twin (and somewhat conflicting) goals of this nodified ANALYZE 7.5
format are:
(a) To add information to the header that will be useful for functional
neur oi magi ng data anal ysis and di splay. These additions include:
- Mre basic data types.
- Two affine transformations to specify voxel coordinates.
- "Intent" codes and paranmeters to describe the maani ng of the data.
- Affine scaling of the stored data values to their "true" val ues.
Optional storage of the header and inmage data in one file (.nii).
(b) To mai ntain corrpat| bility with non-N FTl-aware ANALYZE 7.5 conpatible
software (i.e., such a program should be able to do something useful
with a NIFTI-1 dataset -- at least, with one stored in a traditional
.inmg/.hdr file pair).

Most of the unused fields in the ANALYZE 7.5 header have been taken,

and sone of the |esser-used fields have been co-opted for other purposes.
Not abl y, npbst of the data_history substructure has been co-opted for

ot her purposes, since the ANALYZE 7.5 format describes this substructure
as "not required".

NI FTI -1 FLAG (MAG C STRINGS):

To flag such a struct as being conformant to the NIFTI-1 spec, the last 4
bytes of the header nust be either the C String "ni1" or "n+1";

in hexadecimal, the 4 bytes
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6E 69 31 00 or 6E 2B 31 00
(in any future version of this format, the 1" will be upgraded to '2',
etc.). Normally, such a "magic nunber" or flag goes at the start of the
file, but trying to avoid clobbering w dely-used ANALYZE 7.5 fields led to
putting this marker last. However, recall that "the last shall be first"
(Mat t hew 20: 16) .

If a NIFTI-aware programreads a header file that is NOT marked with a
NI FTI nmagic string, then it should treat the header as an ANALYZE 7.5
structure.

NI FTI -1 FI LE STORAGE:
"ni 1" means that the image data is stored in the ".inmg" file correspondi ng
to the header file (starting at file offset 0).

"n+1" means that the inmage data is stored in the same file as the header
information. W reconmend that the conbined header+data fil enane suffix
be ".nii". Wen the dataset is stored in one file, the first byte of imag
data is stored at byte location (int)vox_offset in this conbined file.

GRACE UNDER FI RE:

Most NI FTI-aware prograns will only be able to handl e a subset of the full
range of datasets possible with this format. Al N FTI-aware prograns
shoul d take care to check if an input dataset conforms to the programs
needs and expectations (e.g., check datatype, intent_code, etc.). |If the
input dataset can’t be handl ed by the program the program should fail
gracefully (e.g., print a useful warning; not crash).

The associated files niftil_io.h and niftil_io.c provide a sanple
inmplementation in C of a set of functions to read, wite, and manipul ate
NI FTI-1 files. The file niftil test.c is a sanple programthat uses
the niftil_io.c functions.

In the comments bel ow for each field, only NIFTI-1 specific requirenents
or changes fromthe ANALYZE 7.5 format are described. For convenience,

the 348 byte header is described as a single struct, rather than as the
ANALYZE 7.5 group of 3 substructs.

Further comments about the interpretation of various elenments of this
header are after the data type definition itself. Fields that are

mar ked as ++UNUSED++ have no particular interpretation in this standard.
(Al so see the UNUSED FI ELDS comment section, far bel ow. )

The presunption belowis that the various C types have particul ar sizes:
sizeof (int) = sizeof(float) = 4 ; sizeof(short) =2

#i fdef __cplusplus
extern "C' {

#endi f
| * ================= * |
/~k************************/ /***********************
struct nifti_1_header { /* N FTI-1 usage */ /* ANALYZE 7.5 field(s)
/*************************/ /***********************

e

*/
*/
*/
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int
char
char
int
short
char
char

short
fl oat

fl oat
fl oat

short
short
short
short
fl oat
fl oat
fl oat
fl oat
short
char
char
fl oat
fl oat
fl oat
fl oat
int

int

char
char

short
short

fl oat
fl oat
fl oat
fl oat
fl oat
fl oat

fl oat
fl oat
fl oat
char

char

Y

typedef struct

si zeof _hdr; /*1
data_type[10]; /*!
db_nane[ 18] ; /*]
extents; IAd!
session_error; [*!
regul ar; /*!
di m.info; /*!
dinf8]; /*1
intent_pl ; /*!
intent_p2 ; /*!
intent_p3 ; /*]
intent_code ; [/*!
dat at ype; /*]
bi t pi x; /*1
slice_start; /*!
pi xdi n{ 8] ; /*1
vox_of f set; /*1
scl _sl ope ; /*!
scl _inter ; /*!
slice_end; /*1
slice_code ; /*!
Xyzt _units ; /*]
cal _max; /*1
cal _mn; /*]
slice_duration;/*!
tof fset; /*!
gl max; /*]
gl mn; /*!

descri p[ 80]; /*1

aux_file[24]; [/*!
gf orm code ; /*]
sform code ; /*1
quatern_b ; /*]
quatern_c ; /*1
quatern_d ; /*]
gof fset_x ; /*]
goffset_y ; /*1
goffset_z ; /*]
srow_x[ 4] ; /*1
srow_y[ 4] ; /*]
srow_z[ 4] ; /*1

i ntent_nane[ 16];/*!

magi c[ 4] ;

[**** 348 bytes total

ANNNNNANNMANNANNNANNNNANNMNNNNANAN

A

<

<

nifti_1_header

/*--- was header_key substruct ---
MUST be 348 */ /* int sizeof_hdr;
++UNUSED++ */ |* char data_type[10];
++UNUSED++ */ /* char db_nane[18];
++UNUSED++ */ I* int extents;
++UNUSED++ */ |* short session_error;
++UNUSED++ */ [* char regular;
MRl slice ordering. */ |* char hkey_unO;
/*--- was inage_di nension substruct ---
Data array dinensions.*/ /* short din{8];
1st intent parameter. */ /* short unuseds8;
/* short unused9;
2nd intent paraneter. */ /* short unusedl0;
/* short unusedll;
3rd intent paraneter. */ /* short unusedl2;
/* short unusedl3;
NI FTI _I NTENT_* code. */ /* short unusedl4;
Defines data type! */ |* short datatype;
Nurber bi t s/ voxel . */ |* short bitpix;
First slice index. */ [* short di munO;
Gid spacings. */ /* float pixdin8];
Ofset into .nii file */ [/* float vox_offset;
Data scaling: slope. */ [/* float funusedl;
Data scaling: offset. */ /[* float funused2;
Last slice index. */ |* float funused3;
Slice timng order. */
Units of pixdinfl..4] */
Max display intensity */ [/* float cal _nax;
Mn display intensity */ [/* float cal _mn;
Time for 1 slice. */ /* float conpressed;
Time axis shift. */ I* float verified,;
++UNUSED++ */ /* int gl max;
++UNUSED++ */ /* int glmn;

/*--- was data_history substruct ---
any text you like. */ |* char descrip[80];
auxiliary filename. */ |* char aux_file[24];

NI FTI _XFORM * code. */  /*-- all ANALYZE 7.5 ---

NI FTI _XFORM * code. */

Quaterni on b param */
Quat erni on ¢ param */
Quaterni on d param */
Quaternion x shift. */
Quaternion y shift. */
Quaternion z shift. */

1st row affine transform
2nd row affine transform
3rd row affine transform

"name’ or meani ng of data.

/*!1< MUST be "ni1\0" or "n+1\0".

xR kK [

nifti_1_header ;

/* fields bel ow here
/* are repl aced

*/
*/
*/
*/

*/

*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/
*/
*/
*/

*/
*/
*/

*/
*/
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/* DATA DI MENSI ONALI TY (as in ANALYZE 7.5):
di n{ 0] = nunber of dinensions;
- if dinf0] is outside range 1..7, then the header information
needs to be byte swapped appropriately
- ANALYZE supports din{0] up to 7, but NIFTI-1 reserves
dimensions 1,2,3 for space (x,y,z), 4 for time (t), and
5,6,7 for anything el se needed.

dinfi] = length of dinmension #i, for
- al so see the discussion of

i=1..din{0] (nust
intent_code, far

be positive)
bel ow
pixdinfi] = voxel width along dinmension #i, i=1..din{0] (positive)
- cf. ORI ENTATION section bel ow for use of pixdinfO0]
- the units of pixdimcan be specified with the xyzt_units
field (al so described far bel ow).

Nunber of bits per voxel value is in bitpix, which MJST correspond with
the datatype field. The total nunber of bytes in the inage data is
dinf1] * * dinfdinf0]] * bitpix / 8

In NIFTI-1 files, dinensions 1,2,3 are for space,
and dinmension 5 is for storing nultiple values at

dinmension 4 is for tine,
each spati ot enpor al

voxel . Sone exanpl es:
- A typical whole-brain FMR experinment’s time series:
- dinf0] =4
- dinf1l] = 64 pixdinf1] = 3.75 xyzt_units = N FTI_UNITS_MM
- dinf2] =64 pixdinf2] =3.75 | NIFTI _UNI TS_SEC
- dinf3] =20 pixdinf3] =5.0
- dinf4] = 120 pixdinf4] = 2.0
- A typical Ti1-weighted anatom cal vol une:
- dinf0] =3
- dinf1] = 256 pixdinf1l] = 1.0 xyzt_units = NFTI_UNITS_MW
- dinf2] = 256 pixdinf2] =1.0
- din{3] =128 pixdinf3] =1.1
- Asingle slice EPI tine series:
- dinf0] =4
- dinf1] = 64 pixdinf1] = 3.75 xyzt_units = NFTI_UNITS MV
- dinf2] =64 pixdinf2] =3.75 | NIFTI_UNITS_SEC
- dinf3] =1 pixdinf3] = 5.0
- dinf4] = 1200 pixdinf4] = 0.2
- A 3-vector stored at each point in a 3D vol une:
- dinf0] =5
- dinf1] = 256 pixdinf1l] = 1.0 xyzt _units = NIFTI _UNITS MV
- dinf2] =256 pixdinf2] = 1.0
- dinf3] =128 pixdinf3] =1.1
- dinf4] =1 pixdinf4] = 0.0
- dinf5] =3 intent_code = NI FTI _I NTENT_VECTOR
- Asingle time series with a 3x3 matrix at each point:
- dinf0] =5
- dinf1] =1 xyzt_units = N FTI _UNI TS_SEC
- dinf2] =1
- dinf3] =1
- dinf4] = 1200 pixdinf4] = 0.2
- dinf5] =9 intent_code = NI FTI _I NTENT_GENMATRI X
- intent_pl = intent_p2 = 3.0 (indicates matrix di mensions)
............................................................................. */
/* ___________________________________________________________________________ */

/* DATA STORAGE:

If the magic field is "n+l", then the voxel data is stored in the
same file as the header. |In this case, the voxel data starts at offset
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(int)vox_offset into the header file. Thus, vox_offset=348.0 neans that
the data starts imediately after the NIFTI-1 header. |If vox_offset is
greater than 348, the NIFTI-1 format does not say anything about the
contents of the dataset file between the end of the header and the
start of the data.

If the magic field is "nil", then the voxel data is stored in the
associated ".ing" file, starting at offset O (i.e., vox_offset is not
used in this case, and should be set to 0.0).

When storing NIFTI-1 datasets in pairs of files, it is customary to nane
the files in the pattern "nane.hdr" and "nane.ing", as in ANALYZE 7.5.
Wien storing in a single file ("n+1"), the file name should be in

the form"name.nii" (the ".nft" and ".nif" suffixes are already taken;
cf. http://ww.icdatamaster.conmn.htm ).

BYTE ORDERI NG
The byte order of the data arrays is presunmed to be the same as the byte
order of the header (which is determined by exanmining din{0]).

Fl oating point types are presuned to be stored in | EEE-754 fornat.

If the scl_slope field is nonzero, then each voxel value in the dataset
shoul d be scal ed as

y = scl _slope * x + scl_inter
where x = voxel value stored

y = "true" voxel value

Normal Iy, we woul d expect this scaling to be used to store "true" floating
values in a smaller integer datatype, but that is not required. That is,
it is legal to use scaling even if the datatype is a float type (crazy,
perhaps, but legal).
- However, the scaling is to be ignored if datatype is DT_RGB24.
- If datatype is a conplex type, then the scaling is to be

applied to both the real and imaginary parts.

The cal _min and cal _max fields (if nonzero) are used for mapping (possibly

scal ed) dataset values to display colors:

- Mnimumdisplay intensity (black) corresponds to dataset value cal _mn.

- Maxi mum display intensity (white) corresponds to dataset val ue cal _max.

- Dataset val ues bel ow cal _m n should display as black al so, and val ues
above cal _nmax as white.

- Colors "black" and "white", of course, may refer to any scal ar display
scheme (e.g., a color |lookup table specified via aux_file).

- cal_mn and cal _max only make sense when applied to scal ar-val ued
datasets (i.e., dinf0] <5 or dinf5] =1).

Val ues of datatype smaller than 256 are ANALYZE 7.5 conpati bl e.

Larger values are NIFTI-1 additions. These are all nultiples of 256, so
that no bits below position 8 are set in datatype. But there is no need
to use only powers-of-2, as the original ANALYZE 7.5 datatype codes do.

The additional codes are intended to include a conplete list of basic
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scal ar types, including signed and unsigned integers from8 to 64 bits,
floats from32 to 128 bits, and conplex (float pairs) from64 to 256 bits.

Note that nost prograns will support only a few of these datatypes!

A NI FTI-1 program should fail gracefully (e.g., print a warning nessage)
when it encounters a dataset with a type it doesn’t |ike.

#undef DT_UNKNOWN /* defined in dirent.h on sone Unix systens */

/*--- the original ANALYZE 7.5 type codes ---*/

#def i ne DT_NONE 0
#defi ne DT_UNKNOMN 0 /* what it says, dude */
#defi ne DT_BI NARY 1 /* binary (1 bit/voxel) */
#def i ne DT_UNSI GNED_CHAR 2 /* unsigned char (8 bits/voxel) */
#defi ne DT_SI GNED_SHORT 4 /* signed short (16 bits/voxel) */
#define DT_SI GNED_| NT 8 /* signed int (32 bits/voxel) */
#defi ne DT_FLOAT 16 /* float (32 bits/voxel) */
#defi ne DT_COWPLEX 32 /* conplex (64 bits/voxel) */
#defi ne DT_DOUBLE 64 /* double (64 bits/voxel) */
#defi ne DT_RGB 128 /* RGB triple (24 bits/voxel) */
#define DT_ALL 255 /* not very useful (?) */
[*--e-- anot her set of names for the same ---*/
#define DT_U NT8 2
#define DT_I NT16 4
#define DT_I NT32 8
#defi ne DT_FLOAT32 16
#def i ne DT_COVPLEX64 32
#defi ne DT_FLOAT64 64
#def i ne DT_RGB24 128
R new codes for NI FTlI ---%*/
#define DT_|I NT8 256 /* signed char (8 bits) */
#define DT_U NT16 512 /* unsigned short (16 bits) */
#define DT_U NT32 768 /* unsigned int (32 bits) */
#define DT_I NT64 1024 /* long long (64 bits) */
#define DT_U NT64 1280 /* unsigned long long (64 bits) */
#def i ne DT_FLOAT128 1536 /* long double (128 bits) */
#defi ne DT_COWPLEX128 1792 /* double pair (128 bits) */
#def i ne DT_COVPLEX256 2048 /* long double pair (256 bits) */
[REEEEEEE aliases for all the above codes ---*/

/*! unsigned char. */

#define NI FTI _TYPE_ Ul NT8 2

/*! signed short. */
#define NI FTI _TYPE_I NT16 4

/*! signed int. */
#define NI FTI _TYPE_I NT32 8

/*! 32 bit float. */
#define NI FTI _TYPE_FLOAT32 16

/*! 64 bit conplex = 2 32 bit floats.
#define NI FTI _TYPE_COVWPLEX64 32

/*! 64 bit float = double. */
#define NI FTI _TYPE_FLOAT64 64

/*! 3 8 bit bytes. */
#define N FTI _TYPE_RGB24 128

/*! signed char. */
#define N FTI _TYPE_I NT8 256

/*! unsigned short. */
#define NI FTI _TYPE_U NT16 512

/*! unsigned int. */

*/
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#define NI FTI _TYPE_Ul NT32 768
/*! signed long long. */
#define N FTI _TYPE_I NT64 1024
/*! unsigned long long. */
#define N FTI _TYPE_U NT64 1280
/*! 128 bit float = long double. */
#define NI FTI _TYPE_FLOAT128 1536

/*! 128 bit conplex = 2 64 bit floats. */
#define NI FTI _TYPE_COVWPLEX128 1792

/*! 256 bit conplex = 2 128 bit floats */
#define N FTI _TYPE_COWPLEX256 2048

R sanpl e typedefs for conplicated types ---*/
#if 0
typedef struct { float r,i; } conplex_float ;
typedef struct { double r,i; } conpl ex_doubl e ;
typedef struct { long double r,i; } conpl ex_I ongdoubl e ;
typedef struct { unsigned char r,g,b; } rgb_byte ;
#endi f
/* ___________________________________________________________________________ */

/* | NTERPRETATI ON OF VOXEL DATA:
The intent_code field can be used to indicate that the voxel data has
sonme particular meaning. |In particular, a |large nunber of codes is
given to indicate that the the voxel data should be interpreted as
bei ng drawn from a given probability distribution.

VECTOR- VALUED DATASETS:

The 5th dinension of the dataset, if present (i.e., dinf0]=5 and
din[5] > 1), contains multiple values (e.g., a vector) to be stored
at each spatiotenporal |ocation. For exanple, the header val ues

- dinf0]
- dinf1]
- dinf2]
- dinf3]
- dinf4]
- dinf5]
- datatype = DT_FLOAT

- intent_code = NI FTI _I NTENT_VECTOR

nmean that this dataset should be interpreted as a 3D vol unme (64x64x20),
with a 3-vector of floats defined at each point in the 3D grid.

[SRNSNN

(indicates no tinme axis)

WEFE N O

A programreading a dataset with a 5th dinmension may want to reformat
the image data to store each voxels’ set of values together in a struct
or array. This programmng detail, however, is beyond the scope of the
NI FTI-1 file specification! Uses of dinmensions 6 and 7 are al so not
speci fied here.

Val ues of intent_code from N FTI _FI RST_STATCCDE to NI FTI _LAST_STATCCDE
(inclusive) indicate that the nunbers in the dataset should be interpreted
as being drawn froma given distribution. Mst such distributions have
auxiliary paranmeters (e.g., N FTI_INTENT_TTEST has 1 DOF paraneter).

If the dataset DOES NOT have a 5th dinension, then the auxiliary paraneters
are the same for each voxel, and are given in header fields intent_pl,
intent_p2, and intent_p3.

If the dataset DOES have a 5th di nension, then the auxiliary paraneters
are different for each voxel. For exanple, the header val ues
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- dinf0] =5

- dinf1] = 128

- dinf2] = 128

- din3 =1 (indicates a single slice)
- dinf4] =1 (indicates no tinme axis)

- dinf5] =2

- datatype = DT_FLOAT

- intent_code = NI FTI _I NTENT_TTEST

mean that this is a 2D dataset (128x128) of t-statistics, with the
t-statistic being in the first "plane" of data and the degrees-of-freedom
paraneter being in the second "plane" of data.

If the dataset 5th dinmension is used to store the voxel-w se statistical
paraneters, then din{5] nmust be 1 plus the nunber of paraneters required
by that distribution (e.g., intent_code=N FTI _I NTENT_TTEST i nplies dinf5]
must be 2, as in the exanple just above).

Note: intent_code values 2..10 are conpatible with AFNI 1.5x (which is
why there is no code with value=1, which is obsol escent in AFNI).

OTHER | NTENTI ONS:

The purpose of the intent_* fields is to help interpret the val ues

stored in the dataset. Sonme non-statistical values for intent_code
and conventions are provided for storing other conplex data types.

The intent_name field provides space for a 15 character (plus 0 byte)
"nanme’ string for the type of data stored. Exanples:
- intent_code = NI FTI _I NTENT_ESTI MATE; intent_nanme = "T1";
coul d be used to signify that the voxel values are estinmates of the
NMR paraneter TI1.
- intent_code = NI FTI_I NTENT_TTEST; intent_name = "House";
coul d be used to signify that the voxel values are t-statistics
for the significance of 'activation' response to a House stinul us.
- intent_code = NI FTI _I NTENT_DI SPVECT; intent_name = "ToMNI 152";
coul d be used to signify that the voxel values are a displacenent
vector that transforns each voxel (x,y,z) location to the
corresponding location in the MNI 152 standard brain.
- intent_code = NI FTI_I NTENT_SYMVATRI X; intent_name = "DTI";
could be used to signify that the voxel values conprise a diffusion
tensor image.

If no data nane is inplied or needed, intent_nane[0] should be set to O.

............................................................................. */
/*! default: no intention is indicated in the header. */
#define NI FTI _I NTENT_NONE 0
[*ee - These codes are for probability distributions --------------- */

/* Most distributions have a nunber of paraneters,
bel ow denoted by pl, p2, and p3, and stored in
- intent_pl, intent_p2, intent_p3 if dataset doesn’t have 5th di nension
- image data array if dataset does have 5th dinmension

Functions to conpute with many of the distributions bel ow can be found
in the COF library fromU Texas.

Fornmul as for and di scussions of these distributions can be found in the
fol |l owi ng books:

[U Univariate Discrete Distributions,
NL Johnson, S Kotz, AW Kenp.
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[*!

#def i

[*1

#def i

#def i

#def i

/*!

#def i

[Cl] Continuous Univariate Distributions, vol. 1,
NL Johnson, S Kotz, N Bal akri shnan.

[C2] Continuous Univariate Distributions, vol. 2,
NL Johnson, S Kotz, N Bal akri shnan. */

[C2, chap 32] Correlation coefficient R (1 paran):
pl = degrees of freedom
R/'sqrt(1-R*R) is t-distributed with pl DOF. */
ne NI FTI _I NTENT_CORREL 2
[C2, chap 28] Student t statistic (1 paranm): pl = DOF. */
ne NI FTI _I NTENT_TTEST 3

[C2, chap 27] Fisher F statistic (2 parans):
pl = nunerator DOF, p2 = denom nator DOF. */

ne NI FTI _I NTENT_FTEST 4
[Cl, chap 13] Standard nornmal (0 paranms): Density = N(O,1). */
ne NI FTI _I NTENT_ZSCORE 5

[Cl, chap 18] Chi-squared (1 param: pl = DOF.
Density(x) proportional to exp(-x/2) * x"(pl/2-1). */

ne NI FTI _I NTENT_CH SQ 6

[C2, chap 25] Beta distribution (2 params): pl=a, p2=b.
Density(x) proportional to x"(a-1) * (1-x)~(b-1). */

ne NI FTI _I NTENT_BETA 7
[U, chap 3] Binomal distribution (2 parans):
pl = nunber of trials, p2 = probability per trial.
Prob(x) = (pl choose x) * p2"x * (1-p2)~(pl-x), for x=0,1,...,pl. */
ne NI FTI_I NTENT_BI NOM 8
[Cl, chap 17] Ganma distribution (2 parans):
pl = shape, p2 = scale.
Density(x) proportional to x"(pl-1) * exp(-p2*x). */
ne NI FTI _I NTENT_GAMVA 9

[U, chap 4] Poisson distribution (1 paran): pl = nean.
Prob(x) = exp(-pl) * pi*x / x! , for x=0,1,2,.... */

ne N FTI _I NTENT_PO SSON 10

[Cl, chap 13] Normal distribution (2 parans):
pl = nmean, p2 = standard deviation. */

ne N FTI _| NTENT_NORMAL 11
[C2, chap 30] Noncentral

pl
p3

F statistic (3 parans):
nunmerator DOF, p2 = denom nator DOF,
nunerator noncentrality paraneter. */
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#def i

| *

#def i

~
*

#def i

-~
*

#def i

/*

#def i

| *

#def i

-~
*

#def i

-~
*

#def i

ne NI FTI _I NTENT_FTEST_NONC 12

[C2, chap 29] Noncentral chi-squared statistic (2 parans):
pl = DOF, p2 = noncentrality paraneter. */

ne NI FTI _I NTENT_CHI SQ _NONC 13
[C2, chap 23] Logistic distribution (2 parans):
pl = location, p2 = scale.
Density(x) proportional to sech®2((x-pl)/(2*p2)). */
ne NI FTI _I NTENT_LOQ STI C 14
[C2, chap 24] Laplace distribution (2 parans):
pl = location, p2 = scale.
Density(x) proportional to exp(-abs(x-pl)/p2). */

ne NI FTI _I NTENT_LAPLACE 15

[C2, chap 26] Uniformdistribution: pl = |lower end, p2 = upper end.

ne NI FTI _I NTENT_UNI FORM 16

[C2, chap 31] Noncentral t statistic (2 parans):
pl = DOF, p2 = noncentrality paraneter. */

ne NI FTI _I NTENT_TTEST_NONC 17
[Cl, chap 21] Weibull distribution (3 parans):
pl = location, p2 = scale, p3 = power.
Density(x) proportional to
((x-pl)/p2)"(p3-1) * exp(-((x-pl)/p2)~p3) for x > pl. */

ne NI FTI _I NTENT_WEI BULL 18

[Cl, chap 18] Chi distribution (1 param): pl = DOF.
Density(x) proportional to x"(pl-1) * exp(-x"2/2) for x > 0.
pl =1 = "half normal’ distribution
pl = 2 = Rayleigh distribution
pl = 3 = Maxwel | -Bol t zmann di stri bution. */
ne NI FTI _I NTENT_CHI 19
[Cl, chap 15] Inverse Gaussian (2 parans):
pl = mu, p2 = | anbda
Density(x) proportional to
exp(-p2*(x-pl)~2/ (2*p1n2*x)) / x~3 for x > 0. */
ne NI FTI _I NTENT_I NVGAUSS 20

[C2, chap 22] Extreme value type | (2 parans):
pl = location, p2 = scale
cdf (x) = exp(-exp(-(x-pl)/p2)). */
ne NI FTI_I NTENT_EXTVAL 21
Data is a 'p-value' (no parans). */
ne NI FTI _I NTENT_PVAL 22
Smal | est intent_code that indicates a statistic. */

ne NI FTI _FI RST_STATCODE 2

*/
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/*1 Largest intent_code that indicates a statistic. */

#def i ne

NI FTI _LAST_STATCODE 22

----- these values for intent_code aren't for statistics ----------%/

/*! To signify that the value at each voxel is an estinate
of some paraneter, set intent_code = NI FTI_I NTENT_ESTI MATE.
The name of the paraneter may be stored in intent_nane. */

#defi ne

NI FTI _I NTENT_ESTI MATE 1001

/*! To signify that the value at each voxel is an index into
sonme set of |abels, set intent_code = N FTI_| NTENT_LABEL.
The filename with the | abels may stored in aux_file. */

#defi ne

NI FTI _I NTENT_LABEL 1002

/*! To signify that the value at each voxel is an index into the
Neur oNanes | abel s set, set intent_code = N FTI_I NTENT_NEURONAME. */

#defi ne

/*! To

#def i ne

/*! To

#defi ne

/*1 To
as

#defi ne
#defi ne

/*! To

NI FTI _I NTENT_NEURONAME 1003

store an Mx N matrix at each voxel:

dat aset nmust have a 5th di mension (dinf0]=5 and di nf 5] >1)
intent_code nmust be NI FTI _I NTENT_GENVATRI X

din{5] nust be MN

intent_pl nmust be M (in float format)

intent_p2 nust be N (ditto)

the matrix values Ali][[j] are stored in roworder:

- ALO][0] A[O][1] AL O] [N-1]

- AL1][0] AL1][1] AL 1] [N-1]

- etc., until

- ALM1][0] ATM1][1] AlM 1] [N-1] 1

NI FTI _I NTENT_GENVATRI X 1004

store an NxN symetric matrix at each voxel :

dat aset nust have a 5th di nension

intent_code nmust be NI FTI_I NTENT_SYMVATRI X

din{5] nust be N*(N+1)/2

intent_pl nmust be N (in float format)

the matrix values Ali][[j] are stored in row order:
- A[O][0]

- AL1][0] AL1][1]

- A[2][0] A[2][1] A2][2]

- etc.: row by-row */
NI FTI _I NTENT_SYMVATRI X 1005

signify that the vector value at each voxel is to be taken

a displacenment field or vector:

dat aset nust have a 5th di nension

intent_code nmust be NI FTI _I NTENT_DI SPVECT

din{5] nmust be the dinmensionality of the displacnent

vector (e.g., 3 for spatial displacenment, 2 for in-plane) */

NI FTI _I NTENT_DI SPVECT 1006
NI FTI _I NTENT_VECTOR 1007

/* specifically for displacenents */
/* for any other type of vector */

signify that the vector value at each voxel is really a

spatial coordinate (e.g., the vertices or nodes of a surface nmesh):

niftil.h

- dataset nust have a 5th di mension

- intent_code nmust be NI FTI_I NTENT_PO NTSET

- dinf0] =5

- dinf1] = nunber of points

- dinf2] =din{3] =dinf4 =1

- din{5] must be the dinensionality of space (e.g., 3 => 3D space).

- intent_name may describe the object these points come from
(e.g., "pial", "gray/white" , "EEG', "MEG'). */

#def i ne NI FTI _I NTENT_POI NTSET 1008

/*! To signify that the vector value at each voxel is really a triple
of indexes (e.g., formng a triangle) froma pointset dataset:
- dataset nust have a 5th dinmension
- intent_code nust be NI FTI_I NTENT_TRI ANGLE

- dinf0] =5
- dinf1] = nunber of triangles
- dinf2] =dinf3] =dinf4 =1
- dinf5] =3

- datatype should be an integer type (preferably DT_I NT32)
- the data values are indexes (0,1,...) into a pointset dataset. */

#define NI FTI _I NTENT_TRI ANGLE 1009
/*! To signify that the vector value at each voxel is a quaternion:

- dataset nust have a 5th di mension
- intent_code nust be NI FTI_I NTENT_QUATERNI ON

- dinf0] =5
- dinf5] = 4
- datatype should be a floating point type */

#define NI FTI _I NTENT_QUATERNI ON 1010

There are 3 different nethods by which continuous coordinates can
attached to voxels. The discussion bel ow enphasi zes 3D vol unes, and

the continuous coordinates are referred to as (x,y,z). The voxel
index coordinates (i.e., the array indexes) are referred to as (i,j,k),
with valid ranges:
i =0.. dinf1]-1
j =0..dinf2]-1 (if dinf0] >= 2)
k =0.. din[3]-1 (if dinfO] >= 3)
The (x,y,z) coordinates refer to the CENTER of a voxel. In nethods

2 and 3, the (x,y,z) axes refer to a subject-based coordinate system
Wt h

+x = Right +y = Anterior +z = Superior.
This is a right-handed coordi nate system However, the exact direction
these axes point with respect to the subject depends on qf orm code
(Method 2) and sformcode (Method 3).

N.B.: The i index varies nost rapidly, j index next, k index slowest.
Thus, voxel (i,j,k) is stored starting at |ocation

(i +j*dinf1] + k*dinf1]*dinf2]) * (bitpix/8)
into the dataset array.

N. B.: The ANALYZE 7.5 coordi nate systemis

+x = Left +y = Anterior +z = Superior
which is a left-handed coordi nate system This backwardness is
too difficult to tolerate, so this NI FTI-1 standard specifies the
coordi nate order which is nost comon in functional neuroi maging.
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N.B.: The 3 nethods below all give the |ocations of the voxel centers
inthe (x,y,z) coordinate system |In many cases, prograns will w sh
to display inmage data on sone other grid. In such a case, the program
will need to convert its desired (x,y,z) values into (i,j,k) values
in order to extract (or interpolate) the i mage data. This operation
woul d be done with the inverse transformation to those described bel ow

N.B.: Method 2 uses a factor 'qfac’ which is either -1 or 1; gfac is
stored in the otherw se unused pixdinf0]. |f pixdin{0]=0.0 (which
shoul d not occur), we take gfac=1. O course, pixdin{0] is only used
when reading a N FTI-1 header, not when reading an ANALYZE 7.5 header.

N.B.: The units of (x,y,z) can be specified using the xyzt_units field.

METHOD 1 (the "ol d" way, used only when gf ormcode = 0):

The coordinate mapping from(i,j,k) to (x,y,z) is the ANALYZE
7.5 way. This is a sinple scaling relationship:

x = pixdinf1] * i

y = pixdinf2] * j

z = pixdinf3] * k

No particular spatial orientation is attached to these (x,y,z)
coordinates. (N FTI-1 does not have the ANALYZE 7.5 orient field,
which is not general and is often not set properly.) This nethod
is not recommended, and is present mainly for conpatibility with
ANALYZE 7.5 files.

METHOD 2 (used when gf orm code > 0, which should be the "nornal case):
The (x,y,z) coordinates are given by the pixdin{] scales, a rotation
matrix, and a shift. This nmethod is intended to represent
"scanner-anatom cal " coordi nates, which are often enbedded in the

i mge header (e.g., DICOMfields (0020,0032), (0020,0037), (0028,0030),
and (0018, 0050)), and represent the nomnal orientation and |ocation of
the data. This nethod can also be used to represent "aligned"

coordi nates, which would typically result from sonme post-acquisition
alignment of the volune to a standard orientation (e.g., the sane

subj ect on another day, or a rigid rotation to true anatonical
orientation fromthe tilted position of the subject in the scanner).

The formula for (x,y,z) in terms of header parameters and (i,j,k) is:
[ x] [ R11 R12 R13 ] [ pixdinf1] * i ] [ qoffset_x ]
[ v] =[] R1 R2 R3] | pixdinf2] * j ] + [ qoffset_y ]
[ z] [ R31 R32 R33 ] [ gfac * pixdinf3] * k] [ goffset_z ]

The qoffset_* shifts are in the NIFTI-1 header. Note that the center
of the (i,j,k)=(0,0,0) voxel (first value in the dataset array) is
just (x,y,z)=(qoffset_x, qoffset_y, qoffset_z).

The rotation matrix Ris calculated fromthe quatern_* paraneters.
This calculation is described bel ow

The scaling factor gqfac is either 1 or -1. The rotation matrix R
defined by the quaternion paraneters is "proper"” (has determinant 1).
This may not fit the needs of the data; for exanple, if the inmage
gridis

i increases from Left-to-Ri ght

j increases from Anterior-to-Posterior

k increases fromlnferior-to-Superior
Then (i,j,k) is a left-handed triple. In this exanple, if qgfac=1,
the R matrix would have to be

niftil.h

[ 1 0 0]
[ 0 -1 0] whichis "inproper" (determinant = -1).
[ 0 0 1]

If we set gfac=-1, then the R matrix would be
1 0 0]

[ 0O -1 0] whichis proper.
0 0 -1]

This Rmatrix is represented by quaternion [a,b,c,d] =[0,1,0,0]
(whi ch encodes a 180 degree rotation about the x-axis).

METHOD 3 (used when sform.code > 0):

The (x,y,z) coordinates are given by a general affine transformation
of the (i,j,k) indexes:

X = srowx[0] * i + srowx[1] * j + srowx[2] * k + srow_x[3]
y = srowy[0] * i + srowy[1l] * j + srowy[2] * k + srow y[3]
z = srow z[0O] * i + srowz[1] * j + srow z[2] * k + srow z[3]

The srow * vectors are in the NIFTI_1 header. Note that no use is
made of pixdin{] in this method.

Method 1 is provided only for backwards conpatibility. The intention

is that Method 2 (gformcode > 0) represents the nominal voxel |ocations
as reported by the scanner, or as rotated to some fiducial orientation and
location. Method 3, if present (sformcode > 0), is to be used to give
the location of the voxels in some standard space. The sform code

indi cates which standard space is present. Both nmethods 2 and 3 can be
present, and be useful in different contexts (method 2 for displaying the
data on its original grid; method 3 for displaying it on a standard grid).

In this schene, a dataset would originally be set up so that the
Met hod 2 coordi nates represent what the scanner reported. Later,
a registration to some standard space can be conputed and inserted
in the header. |Image display software can use either transform
depending on its purposes and needs.

In Method 2, the origin of coordinates woul d generally be whatever
the scanner originis; for exanple, in MR, (0,0,0) is the center
of the gradient coil.

In Method 3, the origin of coordinates would depend on the val ue
of sformcode; for exanple, for the Talairach coordinate system
(0,0,0) corresponds to the Anterior Conm ssure.

QUATERNI ON REPRESENTATI ON OF ROTATI ON MATRI X ( METHOD 2)

The orientation of the (x,y,z) axes relative to the (i,j,k) axes

in 3D space is specified using a unit quaternion [a,b,c,d], where
a*a+b*b+c*c+d*d=1. The (b, c,d) values are all that is needed, since
we require that a = sqrt(1.0-b*b+c*c+d*d) be nonnegative. The (b,c,d)
values are stored in the (quatern_b, quatern_c,quatern_d) fields.

The quaternion representation is chosen for its conpactness in
representing rotations. The (proper) 3x3 rotation matrix that
corresponds to [a,b,c,d] is
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[ a*a+b*b-c*c-d*d 2*b*c-2*a*d
R = [ 2*b*c+2*a*d a*a+c*c-b*b-d*d 2*c*d-2*a*b

2*b*d+2*a*c ]
]
a*a+d*d-c*c-b*b ]

[ 2*b*d-2*a*c 2*c*d+2*a*b

[ R11 R12 R13 ]
= [ R R22 R23 ]

[ R31 R32 R33 ]

If (p,q,r) is aunit 3-vector, then rotation of angle h about that
direction is represented by the quaternion

[a,b,c,d] = [cos(h/2), p*sin(h/2), g*sin(h/2), r*sin(h/2)].

Requiring a >= 0 is equivalent to requiring -Pi <= h <= Pi. (Note that
[-a,-b,-c,-d] represents the sane rotation as [a,b,c,d]; there are 2
quat ernions that can be used to represent a given rotation matrix R)
To rotate a 3-vector (x,y,z) using quaternions, we conpute the

quat er ni on product

[0,x,y,z'] =[a,b,c,d]l * [0,%x,y,2z] * [a,-b,-c,-d]

which is equivalent to the matrix-vector nultiply

’

[
=R[ (equi val ence depends on a*a+b*b+c*c+d*d=1)

N < X
N < X

Mul tiplication of 2 quaternions is defined by the follow ng:

[a,b,c,d] = a*1 + b*l + ¢*J + d*K

wher e
I1*] = J*) = KK = -1 (I,J,K are square roots of -1)
1*3 = K J*K= 1 KI = J
J*¥I = -K K*J = -1 |*K=-J (not comutative!)

For exanpl e

[a,b,0,0] * [0,0,0,1] =[0,-b,0,4a]
since this expands to

(a+b*1)*(K) = (a*K+b*1*K) = (a*K-b*J).

The above formula shows how to go fromquaternion (b,c,d) to
rotation matrix and direction cosines. Conversely, given R
we can conpute the fields for the NI FTI-1 header by

0.5 * sqrt(1+R11+R22+R33) (not stored)
0.25 * (R32-R23) / a => quatern_b
0.25 * (R13-R31) / a => quatern_c
0.25 * (R21-R12) / a => quatern_d

o0 oTw

If a=0 (a 180 degree rotation), alternative fornulas are needed.
See the niftil_io.c function mat44_to_quatern() for an inplenmentation
of the various cases in converting Rto [a,b,c,d].

Note that R-transpose (= R-inverse) would | ead to the quaternion
[a,-b,-c,-d].

The choice to specify the qoffset_x (etc.) values in the final
coordinate systemis partly to nake it easy to convert DI COMinages to
this format. The DICOM attribute "Image Position (Patient)" (0020,0032)
stores the (Xd, Yd, Zd) coordinates of the center of the first voxel.
Here, (Xd,Yd,zd) refer to DI COM coordi nates, and Xd=-x, Yd=-y, Zd=z,
where (Xx,y,z) refers to the NI FTlI coordinate system di scussed above.
(i.e., DICOM +Xd is Left, +Yd is Posterior, +Zd is Superior,

whereas +x is Right, +y is Anterior , +z is Superior. )

niftil.h

Thus, if the (0020,0032) DICOM attribute is extracted into (px,py,pz), then

gof fset _x = -px goffset_y = -py goffset_z = pz
is a reasonabl e setting when gf orm code=N FTI _XFORM SCANNER_ANAT.

That is, DICOM s coordinate systemis 180 degrees rotated about the z-axis

fromthe neuroscience/ Nl FTI coordinate system To transform between DI COM

and NI FTlI, you just have to negate the x- and y-coordinates.

The DI COM attribute (0020,0037) "Image Orientation (Patient)" gives the

orientation of the x- and y-axes of the image data in terms of 2 3-vectors.

The first vector is a unit vector along the x-axis, and the second is
along the y-axis. |f the (0020,0037) attribute is extracted into the
val ue (xa, xb, xc, ya, yb,yc), then the first two colums of the R natrix

woul d be
[ -xa -ya]
[ -xb -yb]
[ xc yc]

The negations are because DICOM s x- and y-axes are reversed relative

to NIFTI's. The third colum of the R matrix gives the direction of

di spl acenent (relative to the subject) along the slice-w se direction.
This orientation is not encoded in the DICOM standard in a sinple way;
DICOMis nostly concerned with 2D i mages. The third colum of Rwill be
either the cross-product of the first 2 colums or its negative. It is
possible to infer the sign of the 3rd colum by examining the coordinates
in DICOM attribute (0020,0032) "lImage Position (Patient)" for successive
slices. However, this nmethod occasionally fails for reasons that |

(RW Cox) do not understand.

/* x,y,z coordinate systemrefers to:
_______________________ */ 5

/*! Arbitrary coordinates (Method 1). */
#define NI FTI _XFORM_ UNKNOMN 0
/*! Scanner-based anatonical coordinates

#define NI FTI _XFORM SCANNER_ANAT 1

*/

*/
*/

*/

/*1 Coordinates aligned to another file's,

or to anatom cal "truth".
#define NI FTI _XFORM ALI GNED_ANAT 2

/*! Coordinates aligned to Tal airach-
Tournoux Atlas; (0,0,0)=AC, etc. */

#define NI FTI _XFORM TALAI RACH 3
/*! MNI 152 nornalized coordinates. */

#def i ne NI FTI _XFORM MNI _152 4

/* UNITS OF SPATI AL AND TEMPORAL DI MENSI ONS:
The codes bel ow can be used in xyzt_units to indicate the units of pixdim
As noted earlier, dinensions 1,2,3 are for x,y,z; dinension 4 is for
time (t).
- If dinf4]=1 or dinf0] < 4, there is no time axis.
- Asingle time series (no space) would be specified with
- dinf0] = 4 (for scalar data) or dinf0] =5 (for vector data)

*/
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- dinf1] =dinf2] =dinf3 =1

- dinf4] = nunber of time points

- pixdinf4] = tinme step

- xyzt_units indicates units of pixdinf4]

- dinf5] = nunber of values stored at each tinme point

Bits 0..2 of xyzt_units specify the units of pixdinf1..3]
(e.g., spatial units are values 1..7).

Bits 3..5 of xyzt_units specify the units of pixdinf4]
(e.g., tenporal units are nultiples of 8).

This conpression of 2 distinct concepts into 1 byte is due to the
limted space available in the 348 byte ANALYZE 7.5 header. The
macros XYZT_TO SPACE and XYZT_TO TIME can be used to mask off the
undesired bits fromthe xyzt_units fields, |eaving "pure" space
and time codes. |Inversely, the macro SPACE_TI ME_TO XYZT can be
used to assenble a space code (0,1,2,...,7) with a time code
(0,8,16,32,...,56) into the conbined value for xyzt_units.

Note that codes are provided to indicate the "tine" axis units are
actually frequency in Hertz (_HZ) or in part-per-nmillion (_PPM.

The toffset field can be used to indicate a nonzero start point for
the time axis. That is, tine point #mis at t=toffset+ntpixdinf4]
for meO..dinf4]-1.

/*!' NIFTI code for unspecified units. */
#define N FTI _UNI TS_UNKNOWN O

/** Space codes are multiples of 1. **/

/*! NI FTlI code for neters. */
#define NI FTI _UNI TS_METER 1

/*! NIFTI code for mllineters. */
#define NI FTI_UNI TS_MM 2

/*! NI FTI code for microneters. */
#define NIFTI_UNITS M CRON 3

/** Time codes are nultiples of 8. **/

/*!' NIFTI code for seconds. */
#define NI FTI _UNI TS_SEC 8

/*! NIFTI code for mlliseconds. */
#define NIFTI_UNITS MBEC 16

/*! NI FTlI code for nicroseconds. */
#define N FTI _UNI TS_USEC 24

/*** These units are for spectral data:
/*! NI FTlI code for Hertz. */

#define N FTI _UNI TS_HZ 32
/*! NI FTlI code for ppm */

#define NI FTI _UNI TS_PPM 40

#undef  XYZT_TO SPACE
#undef  XYZT_TO_TI ME

#defi ne XYZT_TO_SPACE(xyzt) ( (xyzt) & 0x07 )

#define XYZT_TO TI ME(xyzt) ( (xyzt) & 0x38 )

#undef  SPACE_TI ME_TO_XYZT

#defi ne SPACE_TI ME_TO XYZT(ss,tt) ( (((char)(ss)) & 0x07) \
| (((char)(tt)) & 0x38) )

/* MRl - SPECI FI C SPATI AL AND TEMPORAL | NFORNMATI ON:

{ freq_dim }
{ phase_dim}
{ slice_dim}

{ slice_start }

niftil.h

A few fields are provided to store sone extra infornation
that is sonetinmes inportant when storing the inmage data
froman FMRI tine series experinent. (After processing such
data into statistical inmages, these fields are not likely
to be useful.)

These fields encode which spatial dinmension (1,2, or 3)
corresponds to which acquisition dinmension for MR data.

Exanpl es:
Rect angul ar scan multi-slice EPI:
freq_dim= 1 phase_dim= 2 slice_dim= 3 (or sone pernutation)
Spiral scan nulti-slice EPI:
freg_dim= phase_dim=0 slice_dim= 3
since the concepts of frequency- and phase-encodi ng directions
don’t apply to spiral scan

slice_duration = If this is positive, ANDif slice_dimis nonzero,
indicates the amount of time used to acquire 1 slice.
slice_duration*din{slice_din] can be |ess than pixdinf4]
with a clustered acquisition nmethod, for exanple.

slice_code = If this is nonzero, AND if slice_dimis nonzero, AND
if slice_duration is positive, indicates the timng
pattern of the slice acquisition. The follow ng codes
are defined:
NI FTI _SLI CE_SEQ | NC
NI FTI _SLI CE_SEQ DEC
NI FTI _SLI CE_ALT_I NC
NI FTI _SLI CE_ALT_DEC
Indicates the start and end of the slice acquisition
pattern, when slice_code is nonzero. These val ues
are present to allow for the possible addition of
"padded" slices at either end of the volume, which
don’t fit into the slice timng pattern. If there
are no padding slices, then slice_start=0 and
slice_end=din{slice_dinm -1 are the correct val ues.
For these values to be nmeaningful, slice_start mnust
be non-negative and slice_end nust be greater than
slice_start.

{ slice_end }

The following table indicates the slice timng pattern, relative to
tine=0 for the first slice acquired, for sone sanple cases. Here,
dinfslice_dini=7 (there are 7 slices, |abeled 0..6), slice_duration=0.1,
and slice_start=1, slice_end=5 (1 padded slice on each end).

slice
i ndex SEQ | NC SEQ DEC ALT_I NC ALT_DEC
6 -- n/ a n/ a n/ a n/ a n/a = not applicable
5 -- 0.4 0.0 0.2 0.0 (slice time offset
4 -- 0.3 0.1 0.4 0.3 doesn’t apply to
3 -- 0.2 0.2 0.1 0.1 slices outside range
2 -- 0.1 0.3 0.3 0.4 slice_start..slice_end)
1 -- 0.0 0.4 0.0 0.2
0o -- n/ a n/ a n/ a n/ a

The fields freq_dim phase_dim slice_dimare all squished into the single
byte field diminfo (2 bits each, since the values for each field are
limted to the range 0..3). This unpleasantness is due to |ack of space
in the 348 byte all owance.

The macros DI M| NFO TO FREQ DIM DI M | NFO TO PHASE DI'M and
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DI M I NFO_TO SLI CE_DI M can be used to extract these values fromthe
diminfo byte.

The macro FPS_I NTO DI M I NFO can be used to put these 3 val ues
into the diminfo byte.

#undef I NFO_ TO FREQ DI M
#undef M | NFO_TO_PHASE DI M
IN

DI
DI

#undef DI MINFO TO SLICE DI M
DI
DI
DI

#define DIMINFO TO FREQ DIMdi)  ( ((di) ) & 0x03 )

#define DI M INFO TO PHASE DIMdi) ( ((di) >> 2) & 0x03 )

#define DIMINFO TO SLICE DIMdi) ( ((di) >> 4) & 0x03 )

#undef  FPS_I NTO_DI M | NFO

#define FPS_I NTO DI M I NFO(f d, pd, sd) ( char) (fd)) & 0x03) R

(€«
( ( ((char)(pd)) & 0x03) << 2 ) | \
( ( ((char)(sd)) & 0x03) << 4) )

#define NIFTI_SLICE SEQ INC 1
#define NIFTI_SLI CE_SEQ DEC 2
#define NIFTI_SLICE ALT_INC 3
#define NIFTI_SLICE ALT DEC 4

/* UNUSED FI ELDS:

Sonme of the ANALYZE 7.5 fields marked as ++UNUSED++ may need to be set
to particular values for conpatibility with other programs. The issue
of interoperability of ANALYZE 7.5 files is a murky one -- not all
progranms require exactly the same set of fields. (Unobscuring this
nmurkiness is a principal notivation behind NIFTI-1.)

Sonme of the fields that may need to be set for other (non-N FTlI aware)
software to be happy are:

extents dbh. h says this should be 16384

regul ar dbh. h says this should be the character 'r’

gl mn, } dbh.h says these val ues should be the nmin and max voxel
gl max } values for the entire dataset

It is best toinitialize ALL fields in the NIFTI-1 header to O
(e.g., with calloc()), then fill in what is needed.

I* */
/*! Gven a nifti_1_header struct, check if it has a good magi c nunber.
Returns NI FTlI version nunber (1..9) if magic is good, O if it is not. */

#define NI FTI _VERSI O\N( h)

( ( (h)y.magic[0]=="n" && (h).magic[3]=="\0 &&
( (h)y.magic[1]=="i" || (h).magic[l]=="+ ) &&
( (h).magic[2]>="1 && (h).magic[2]<="9" ) )

? (h).magic[2]-"0" : 0)

—— — —

I* */
/*! Check if a nifti_1_ header struct says if the data is stored in the
sanme file or in a separate file. Returns 1 if the data is in the sanme

niftil.h

file as the header, 0 if it is not. */
#define NI FTI _ONEFILE(h) ( (h).magic[1l] == "+ )
[* */
/*1 Check if a nifti_1 header struct needs to be byte swapped.

Returns 1 if it needs to be swapped, O if it does not. */

#define NI FTI _NEEDS_SWAP(h) ( (h).dinf0] <O || (h).dinfO] > 7 )

[ */

/*! Check if a nifti_1_header struct contains a 5th (vector) dinmension.
Returns size of 5th dinmension if > 1, returns 0 otherw se. */

#define NIFTI_5TH DIMh) ( ((h).dinf0]>4 & (h).din{5]>1) ? (h).din{5] : 0)

[ rE Rk Rk ok ok ok kk ok ok k ok kk ok kkkk ok Kk kkkkkk Kk kkkkkkkkkkkkkhkhkhkkhkkkkhkkhhkkkkkkkkkkkk* [

| * ================= /
#i fdef __ cplusplus

}

#endi f

| * ================= * |

#endi f /* _NIFTI _HEADER */




