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Abstract

Different file formats for storage and manipulation of
volumetric data exist today, but none of them has been ac-
cepted as a standard by the volume visualization and vol-
ume graphics communities until now. This paper tries to
change this situation by proposing a new, freely available
file format f 3d, which, as we believe, fulfills the demands
of research and educational environments. We hope that this
new format will be accepted by the above mentioned com-
munities and thus will provide a basis for improved commu-
nication between different groups and applications.

1 Introduction

Today, the volume visualization and volume graphics
communities are still missing a simple, powerful and widely
accepted format for storage and exchange of volumetric
data. Similarly, they are also missing a set of easy-to-use
tools for basic data operations, similar in concept to the
widely available 2D image viewers and tools. This paper
is an attempt to change this situation by introducing the
new file format f3d (f ormat 3 dimensional) which is, as
we hope, both simple and versatile enough to address the
demands of labs, groups or individual researchers on rep-
resentation and manipulation of Cartesian, regular and rec-
tilinear gridded data. Currently, the format supports prop-
erties, which we found to be important from the point of
view of our experience. f3d is distributed as free software,
which hopefully will encourage other contributors to add
their own features, extensions and tools. The f3d imple-
mentation provides a set of simple and flexible C language
routines for reading and writing files, which provides for a
steep learning curve for novices and enables easy porting to
existing applications. Additionaly, a set of tools based on a
high-level C++ class library is provided for format conver-

sions, geometric transforms, filtering and other operations
with volumetric data.

The paper is organized as follows. In the second sec-
tion we formulate our demands of a “good” volumetric data
format. In Section 3 we describe the f 3d format in detail,
in Section 4 we introduce the C and C++ libraries for f 3d
file manipulation and in the last Section 5 we conclude and
formulate our future goals.

2 3D format requirements

Here we postulate a list of demands, which we think a
“good” file format should fulfill. In spite of the fact that it
is hard to order them from the point of view of importance,
we think that there are some preferences which weigh more
than the others, and therefore we list them first.

Flexibility: A format, which is intended for use by the
scientific community, must knit together two contradictory
demands: on the one hand, being a format, it should de-
fine strict rules in order to achieve mutual compatibility of
different applications; on the other hand, being scientific, it
should provide the possibility for modification in order to
be able to adapt itself to the unpredictably varying environ-
ments of its usage.

We implementat this feature by splitting the format
in a strictly defined data part, which secures the inter-
application compatibility and an almost completely free ap-
plication specific part. The data part of the format defines
the way how volumetric data are stored, together with the
data specific parameters (f3d tags e.g. grid dimensions,
type, voxel format, etc.). The data part must be readable by
each application and therefore its syntax should be strictly
defined. The aim of the application specific part is to store
information which is relevant to the purpose of the data
and usually describes higher level features. For example,



a threshold value which enables the identification of fore-
ground voxels can be significant for a renderer, but it is not
needed for a down sampling tool, which can ignore it.

It is advantageous that both parameters and comments be
stored in a textual form, in order to provide for their inspec-
tion or even modification by standard tools (image viewers,
editors).

Simplicity: A format in order to be universal and easy to
use should not enforce any restrictions on the application
itself or the style of programming. Scientists usually have
their own ideas and styles and are not willing to sacrifice
them in favor of something “less” important, like, for exam-
ple, the data format. Therefore the basic API of the format
implementation should be as simple as possible, preferably
consisting of only a couple of functions. A simple API also
simplifies porting to existing applications and thus would
help the acceptance of the format by the community.

Availability: The format as well as its implementation
should be available in source code and must be covered by
a non-restrictive license. The open source movement has
recently proved that such free access not only benefits the
user, but also, by means of the feedback, profits the author
by attracting users to the development (the bazaar style[1]).
The source openness may invoke a feeling of an “owner-
ship” within such a community, which further attracts users
to testing and development.

Preview: A favorable feature would be a 2D preview im-
age, giving the user a hint about the file contents. The pre-
view, viewable by standard image viewers (or even a Web
browser), should be an integral part of the format file. It
enables rapid orientation in a larger set of volumes and sim-
plifies their maintenance.

Grids:  The data types in volume visualization tasks span
a range from the simplest Cartesian grids, defined by a
single number—the voxel size, to completely unstructured
grids, where the location of each sample has to be registered
individually. It is questionable, if a single file format should
support all possible grid types.

The Cartesian, regular and rectilinear grids can be easily
represented by a 3D matrix with interplane distances stored
in three one-dimensional arrays. These arrays are further
simplified to a single number (Cartesian) or a triple of num-
bers (regular grids). These grid types share similar proper-
ties (more or less direct access to voxels, grid traversal along
aray) and are the standard data type output by tomographic
scanners. On the other hand, curvilinear, structured and un-
structured grids are usually of interest in completely dif-
ferent areas, as, for example, computational fluid dynamics

and the manipulation of the data is different. Therefore we
assume that a single format, in order to preserve the desired
simplicity, should not mix these two categories of grids.

Voxels. Tomographic scanners usually produce data with
8 or 16 bit voxels. However, in research environments, we
encounter also other voxel types: 32 bit integers, floats,
doubles, complex numbers (Fourier images), vectors (gra-
dient fields, 3D color texture maps).

Different computers store the bytes of multibyte vari-
ables in different order (big endians vs. little endians). If
we assume that the data files are predominantly used on the
same type of computer, in order to minimize the additional
overhead, neither of both types should be preferred. A flag
should be used instead, defining the order of bytes, which is
then reversed only when reading the data set on a computer
of different type.

Data compression: Volumetric data sets are usually
huge. Often they compress well, especially noiseless syn-
thetic data as, for example, segmented masks or voxelized
objects. A lossless compression technique should be pre-
ferred for a general purpose data format.

3 The f3d file format

The hot spot of the new format design is the preview im-
age and the demand for its viewability by standard image
viewers. Therefore, it should be an extension of a well es-
tablished 2D image format, which enables free-form textual
comments. The most suitable candidate at hand is the PNM
(portable anymap) format, in its PPM (portable pixmap) and
PGM (portable graymap) variations. The first one is pre-
ferred for storage of 3D vector data (gradient arrays and
color textures), while the second one is suitable for scalar
volumes.

The structure of a PNM file is very simple. After a lead-
ing magic number (P5 for PGM and P6 for PPM) an arbi-
trary number of comment lines, starting with “#” can follow.
These comments are succeeded by width, height and max-
imum color-component values, all stored as ASCII charac-
ters and separated by whitespaces. A single whitespace sep-
arates the header from width x height bytes of image data.

The PNM format is extended to f3d by:

1. the definition of f3d tags and application specific com-
ments in the form of PNM comments, and

2. the appendage of compressed slice data (slice records)
behind the image data.

Both extensions are ignored by image viewers. Comments
can be inspected by some viewers (e.g., xv), by the UNIX
head command or even by some text editors (vi ).



A slice record consists of two fields. The first one is a
single 32 bit integer, written in the MSB order, which de-
fines the length of the immediately following compressed
slice. This provision enables the direct access to arbitrary
slices without decompression of the previous ones. We se-
lected the standard conpr ess and unconpr ess routines
from the freely available zI i b ! package.

3.1 1{3d tags and task specific comments

Figure 1 shows an example of the f3d header. All lines
starting with “#” are PNM comments, and those starting
with “#1” define f3d parameters of the form

#tag value

where val ue can be either numeric or textual.

The following tags are allowed:
#! f3d version identifies the file as a volume in f3d format.
ver si on defines the software version in order to enable
backward compatibility.
# endian {f 3dBi gEndi an|f 3dLi tt| eEndi an} de-
fines the byte order of the computer the file was written on.
# vdim nxz ny nz defines the volume dimensions. nz is
the dimension along lines (fastest growing coordinate), ny
counts the lines and nz defines the dimension across slices.
#! vtype value defines the grid type. Possible values:

f 3dCubi ¢ Cartesian grid. The voxel dimensions are
defined by a single px tag (see later).

f 3dRegul ar Regular grid. The voxel dimensions are
defined by the tags px, py and pz.

f 3dRect Z Regular grid in directions of the = and y
axes, variable inter-slice distance along the z axis. The
dimensions in the  and y directions are defined by the
tags px and py. The slice positions in z the direction
are defined by the nz times repeated r z tag.

f 3dRect XYZ Rectilinear grid. The positions are de-
fined by repeated px, py and pz tags.

# ctype value Defines scalar and vector (color) data.
Possible values: f 3dMbno-scalar data, one value per
voxel, f 3dConpl ex—complex data, two values per voxel,
f 3dCol or —vector (color) data, three values per voxel.

#  dtype walue Defines the numerical type of a
voxel: f 3dUChar , f 3dChar, f 3dUl nt 16, f 3dI nt 16,
f 3dUl nt 32, f 3dl nt 32, f 3dFl oat .

# units value Physical units of the grid dimensions:
f 3dUum —micrometers, f 3dUnm —millimeters, f 3dUm
—meters.
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# px size defines the voxel size in the x direction for
f 3dCubi c, f 3dRegul ar and f 3dRect Z grids.

# py size defines the voxel size in the y direction for
f 3dRegul ar and f 3dRect Z grids.

# pz size defines the voxel size in the z direction for
f 3dRegul ar grids.

# rx size defines the voxel size in the x direction of a
rectilinear grid (f 3dRect XYZ). Must be repeated na times
in increasing order.

# ry size defines the voxel size in the y direction of a
rectilinear grid (f 3dRect XYZ). Must be repeated ny times
in increasing order.

# rx size defines the voxel size in the z direction of a
rectilinear grid (f 3dRect Z and f 3dRect XYZ). Must be
repeated nz times in increasing order.

# absMax value

# absMin value define the actual density minimum and
maximum. These values are computed just before storing
the grid in a file.

#! defaultM ax value

# defaultMin wvalue define the default density limits,
which are kept during certain operations (filtering, cutting).
These values enable consistent density scaling when pro-
cessing the data by external tools.

# comment text An f3d comment. It can be used for the
definition of application specific comments, which are used
to pass parameters between applications. In that case, the
preferred form is

#lcomment identifier text

where identifier is a keyword understood by an application
or a group of applications.

4 Implementation

The implementation of the f3d format is separated in two
parts: a low-level API, offering basic C functions for read-
ing, writing and other simple tasks, and a high level C++
class library. While the first was intentionally kept very
simple, in order to allow for easy porting of the f3d for-
mat to existing applications, the second one offers extended
functionality, which is useful for writing different volume
manipulation tools.

At the root of the f3d implementation is the struc-
ture f 3dHeader storing all volume parameters, which
were listed in the previous section.  This structure
is therefore an argument for most of the routines,
the most important of which are f3dWiteG i d,
f3dWiteHeader and f3dWiteSlice for data
writing and similarily f 3dReadGr i d, f 3dReadHeader
and f 3dReadSl i ce for data reading.

Classes, defined and implemented in the C++ library of-
fer, except for a similar functionality as the C library, data



P5

#1f3d 1.2

#! endi an f 3dBi gEndi an
#'vdim 128 128 128
#! vtype f3dCubic
#! px 1. 000000

#! ctype f3dMono

#! dt ype f 3dUChar
#lunits f3dUmm
#labsMn O

#! absMax 240
#ldefaultMn O

#! def aul t Max 255

128 128
255

#lcomment File created by 'vxtGid3D
#! comment vxt profile linear 1.8
PNM format (image dimensions — in this case the preview image)

PGM format (magic number)
f3d parameter
f3d parameter
f3d parameter
f3d parameter
f3d parameter
f3d parameter
f3d parameter
f3d parameter
f3d parameter
f3d parameter
f3d parameter
f3d parameter

f3d comment
f3d comment/application parameter

PNM format

Figure 1. Header of an f3d file.

structures for representation and manipulation of Cartesian,
regular and rectilinear grids.

The vxt Gri d3D class is the ancestor of all other
classes. It is a template class which implements 3D data
matrices of different voxels. Its functionality encompasses
reading, writing, and basic data access methods.

The existence of different voxel types complicates pro-
cessing of volumetric data, since it is necessary to know the
voxel type before data loading. A typeless processing of
volumetric data, i.e., such, when the type of a voxel is not
known in the program, is provided by the abstract classes
vxt Scal ar Vol une and vxt Vect or Vol une.

4.1 The f3d package

The f3d package is free software and is distributed to-
gether with the documentation in both source code and as
precompiled binaries?. It was tested on GNU/Linux, SGI
IRIX and Windows98-2000 systems.

Except for the libraries, the distribution package con-
tains also an ever growing list of tools for format con-
versions (r aw2f 3d, pnn2f 3d, f 3d2raw, f 3d2pnm),
geometric transforms (f 3dscal e, f 3dt r ans, f 3di so,
f 3dner ge), point operations (f 3dnmask, f 3darith,
f 3dt hr esh), filtering (f 3dm n, f 3dnmax, f 3dnedi an,
f 3dgauss, f 3dgr ad, f 3dgr adnax, f 3dgabor ) and
for other operations. Some of these tools were written as
student projects at the Technical University Vienna, Aus-
tria and Comenius University Bratislava, Slovakia. f3d
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has been ported to other packages, developed in our lab,
for example VORTEX® for data visualization and the semi-
interactive 3D segmentation tool | SEG?

5. Conclusion

We proposed and implemented a new f3d format for stor-
age of 3D Cartesian, regular and rectilinear data, supporting
different kinds of voxel types, together with C and C++ li-
braries for reading, writing and manipulation of such data.
Although we find this format useful and have ported it to
our older applications, we cannot say yet (though we be-
lieve in it), if it is really useful for the visualization and
volume graphics communities. The implementation follows
the open source model and is thus open to anybody, who
wants to contribute his/her ideas. There is definitely a lot
to be done, at least by writing additional tools for data ma-
nipulation and conversion from/to other formats or adding
the important but still missing f 3dConpl exType voxel
type. Except for the activity in this area, we started to build
a database of freely accessible data sets®, which provide an
environment for algorithm testing and comparison.
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