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Introduction




Introduction

Questions to answer:

e “Is FITS file format suitable for digital
preservation”?

e “Can It become the standard file format to use
In digitization projects™?



Why FITS?

 Today we have many image formats:
— TIFF
—JPG
—JPG2000
— DjVu
 Now there is another “image” file format:
—FITS
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Evaluation of the FITS format




Introduction

My report aims at presenting the results of a
study carried out at the CEIDIM Research
Center of the University of Macerata (Italy)

e This study identified the factors we must
consider when we need to choose a format
suitable for permanent preservation



Requirements to be evaluated

[Requirements]

general

Ist level

2nd |evel

hon-proprietary

disclosure complete documentation
standardization de facto
transparency de jure

wide adoption
robustness forward compatibility
stability backward compatibility
self-containment
self-documentation

device-independence

absence of technical protection mechanisms
impact of patents

unmodifiability

security

efficiency
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Evaluation of the FITS file format:
general requirements, first level




Non-proprietary

non-proprietar
disclosure complete documentation

standardization de facto
transparency de jure

wide adoption

FITS format is mantained by the
International scientific community
(in particular, the astronomers
and astrophysics community)
and, as such, is not proprietary.
The specifications are currently
mantained by the IAU FITS
Working Group




Disclosure (Openness)

Ist level

non-proprietary

disclosure

standardization

transparency

complete documentation
de facto

de jure
wide adoption

FITS is an open format; infact, It is
based on a specification, the “FITS
Reference”, publicly available.

There are not royalties (and never
will be) to pay for the use of the
format, so anyone can create
software applications able to
manage FITS files.



Complete documentation

non-proprietary

disclosure complete documentation
Ist level standardization de facto
transparency de jure

wide adoption

The FITS format is fully
documented inthe FITS
Reference, freely available.
The official reference document
that defines the requirements
for FITS format version 3.0
version is published in
Astronomy and Astrophysics,
Volume 524 (December 2010)




Standardizazion

non-proprietary

disclosure complete documentation
Ist level standardization de facto
transparency de jure

wide adoption

FITS is a standard Furthermore FITS is an

format recognized open standard since it has

by the NOST since both the properties of

1993. standardization and
disclosure.




Wide adoption

non-proprietary

disclosure complete documentation
Ist level standardization de facto
transparency de jure

wide adoption

[

FITS format is currently the
most commonly used
format in astronomy.

There are many software
applications for creating
and viewing files in FITS
format and for their
conversion from and to
other image formats.




Transparency

Ist level

non-proprietary

disclosure complete documentation
standardization de facto
transparency de jure

)

wide adoption

Each FITS file consists of a header containing
ASCII card images (80 character fixed-length
strings) that carry keyword/value pairs and an
Image data block.

Furthermore, the information relating to the pixels
of the images (contained in the Data Unit) are
stored in a very simple way, without any
compression; due to its simplicity it is possible
(now and in the future) to read a file in FITS
format using basic software tools.



Transparency: a look at technical issues

* One of the strengths of the format can be
found certainly in its simplicity: the structure
of a FITS file Is, In fact, extremely straight.



The structure of aFITS file
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The structure of aFITS file

keyword record 1

keyword record 2

Block (2.880 byte)

keyword record 3

N O XY
)

Header Unit

Block (2.880 byte)

keyword record 36

Block (2.880 byte)

Block (2.880 byte)

.

36 keyword record
(80 character each)



Asimple FITS file

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

SIMPLE = T / file is compliant to FITS standard

BITPIX = 32 / Number of bits per pixel I
NAXIS = 2 / Number of axis F1EEEi(jEEr LJr]It
NAX1S1 = 1000 / lenght of data axis 1

NAX1S2 = 1500 / lenght of data axis 2

DATE = "02/12/2011" / creation date

ORIGIN = "Digitalia* / FITS file originator

AUTHOR = "Mario Rossi” / creator

OBJECT = "Manoscritto_1° / name of object

HISTORY “first version”
COMMENT “"Example of Header Unit®
END
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Evaluation of the format:
general requirements, second level




Robustness

forward compatibility
backward compatibility

robustness

stabilit
self-containmen

self-documentation
device-independenc
absence of technical

impact of patents
accessibility
unmodifiability
security

efficiency Due to its simplicity and the fact that
It IS not compressed, the corruption
of certain sequences of bits does not
produce, as a rule, the loss of
iInformation content and the image
degradation generally remains within
acceptable levels.

tection mechanisms

2nd |evel




Example 1 (FITS)
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Example 1 (FITS)
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Mandrill (corruptedl).fits



Example 2 (JPG)

=_ : Mandrilljpg - fisualizzatore immagini e fax per Windows
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Example 2 (JPG)

F & Mandrill (corrupted1).jpg - Visualizzatore immagini e fax per Windows
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Mandrill (corrupted_1).jpg



Stability

robustness forward compatibility
stability backward compatibility

self-containment
self-documentati
device-independence
absence of technical pro

impact of patents
unmodifiability
security
efficiency

ond jevel tion mechanisms

The FITS format is very stable: over more than
thirty years there have been only three official
versions

Release date Notes

1979 Birth of the format

December 1990  Firstdrat
June 1991

December 1991
June 1993
September 1995
April 1998

Version

NOST 100-0.1
NOGST 100-0.2
NOST100-03
NOST 100-10
NOosT 100-1.1
NOST 100-1.2

Thiddraft
NOST Standard NOST (first version)
NOST Standard

NOST 100-2.0 March 1999 NOST Standard NOST (second version)
JAUFWG 2.1 April 2005 IAUFWG Standard
IAUFWG 2.1b  December 2005 IAUFWG Standard (added 64 bit supportt)

IAUFWG 3.0

July 2008

IAUFWG Standard (third version)




Backward and forward compatibility

robustness forward compatibility
stability backward compatibility

self-containment
self-documentation
device-independence

absence of technical protectioh mechanisms

nd
2l impact of patents

% The format is backward and forward
security :
efficiency compatlble.

FITS has been designed keeping in
mind the aspect of long-term
preservation.

The maxim "once FITS, always
FITS" that has been coined for it
clearly establishes that any changes
to the format that makes a FITS file

not longer valid is not allowed.




Self-containment

robustness forward compatibility
stability backward compatibility

self-containment

self-documentation

device-independence

absence of technical protection mechanisms

impact of patents
accessibility
unmodifiability
security

efficiency All the information necessary to
correctly represent (on screen
or print) a FITS file, are
Included in it the file itself.
Links to external resources are
not allowed.

2nd |evel




Self-documentation

2nd |evel

robustness
stabilit

self-containment

forward compatibility
backward compatibility

self-documentation
device-independence
absence of technical ptotection mechanisms

impact of patents
accessibility
unmodifiability
security
efficiency

FITS file format is self-documented. In fact, a major
feature of the FITS format is that meta-data are
stored in the Header Unit in a human-readable
ASCII format so anyone can easily examine, using
a simple text editor, the header unit to get
information on the file itself.

These keywords aim to document the file and
provide information such as size, origins, history
data and anything else the creator wishes.
Furthermore, in addition to standard keyword is
also possible to create custom keywords to better
describe the particular type of data that will be
stored in the file.



Device independence

robustness forward compatibility
stability backward compatibility

self-containment
self-documentation

device-independence
2d |evel Mw
impact of patents
accessibility
unmodifiability
security
efficiency

FITS is a multi-platform format, a file in
FITS format can be viewed, printed or
otherwise reproduced in a reliable and
consistent way regardless of hardware
and software used.




Absence of technical protection mechanisms

robustness forward compatibility
stability backward compatibility

self-containment

self-documentation

device-independence

absence of technical protection mechanisms

impact of patents
accessibility
unmodifiability

2nd |evel

sepqrity
efficiency The FITS format does not

provide technical protection
mechanisms.

Is not provided, for example,
encryption, as well as control of
access through username and /
or password.




Impact of patents

robustness forward compatibility
stability backward compatibility

self-containment

self-documentation

device-independence

absence of technical protection mechanisms

impact of patents
accessibility
unmodifiability
security

efficiency The FITS format has no
restrictions on Its use neither
now nor in the future.

2nd |evel




Other requirements

« Accessibility. It is possible to define a keyword to specify
the "alternative text" that can be read by the visualization
software to describe the image, and this is very useful in
cases where the image Is enjoyed by persons with impaired
vision

* Unmodifiability. The FITS can be modified using specially
designed software (FITS editor). However, Iif necessary, Its
modifiability can be ensured by the use of technical

measures such as using checksums or digital signatures,
etc.

e Security. In the current state of knowledge, FITS can not
contain viruses or other forms of malware.

« Efficiency. The FITS format is not compressed, so files
encoded In this format have often a a larger size than file
encoded in other (compressed) formats.
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Evaluation of the FITS format:
specific requirements




Resolution

 FITS is capable of storing images absolutely faithful to the
original, with regard both to the resolution and to the color
depth.

 In fact, theoretically there is no limit to the resolution of the
Images that can be saved.

The Vatican Library is using equipment to capture high-resolution (50
megapixels) images, but if in the future should be available scanners
and cameras with higher resolutions (eg , 500 megapixel) there would
be no difficulty in continuing to use the FITS format.



Color depth

 The BITPIX keyword specifies the number of bits used to
represent the value of each data. In the case of data relating
to images, the value of BITPIX is the number of bits used to
represent each pixel of the image (ie, the so-called "color
depth"). Possible values are summarized in the above table:

BITPIX value Data type
8 Character or unsigned integer
16 16-bit signed integer
32 32-bit signed integer
64 64-bit signed integer
-32 32-bit floating point, single precision

-64 64-bit floating point, double precision




Color depth

FITS is able to keep intact the
guality of colors

For example, it is possible to
specify a color depth of 64 bits
(equivalent to more than 18
billions of billions of colors!)

In practice,color depth is almost
unlimited and certainly superior
to the ability of the human eye to
distinguish so subtle color
differences.

In this way it is posssible to store
images without any loss of color
(think of the colors of the
miniatures such as the gold color
very hard to reproduce) and with
the certainty that the colors will
be faithful to the originals stored.




Other features

Unlike other image formats, FITS format Is
able to store multiple images in the same file
(so it would be possible, in principle, storing

an
=

entire manuscript in one file).
'S Is not only a format for images

FI

'S Is a very general format capable of

storing many types of data, including bitmaps,
ASCII text, multidimensional matrices, and
binary tables.
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Conclusions




Conclusions

[Requirements]

general

| level

| level

non-proprietary Ve

disclosure «~ complete documentation Y o
standardization +/' de facto «~
transparency o/ dejure  +/

wide adoption \f

robustness wf forward compatibility v

stability v backward compatibility Qf
self-containment |

self-documentation +/’

device-independence g |
absence of technical protection mechanisms if

impact of patents 4/
accessibility ?ﬂ
unmodifiabili
security i

efficiency V'




Conclusions

 FITS Is a format that meets a large number of
preservation requirements

e Other formats proposed for long term preservation
of Images do not always meet so many
requirements.

 Example: the TIFF format, used for many years by
both public and private companies to preserve
every kind of documentation (invoices,
correspondence, contracts, etc..), does not meet the
same requirements as FITS format.



Conclusions

 Furthermore, FITS is one of the few formats that
after more than 30 years since his birth has not
became obsolete and is still widely used.

e S0 we can reasonably assert that FITS meets a
large number of the requirements of a good format
for long term preservation of images acquired by
digitization projects.

« S0 before starting new digitization projects we must
seriously begin to wonder if it Is better to adopt this
format instead of other formats typically adopted
(such as TIFF, BMP, JPG, etc.).



A new ISO standard?

 Will the FITS format become the future standard
format to be used in digitization projects?

e There Is a proposal to the International Organization

for Standardization (1ISO) in order to
recognition as a standard format for
preservation of digitized material.

o If FITS will became an ISO standarc
“official” format that can be used by
archives to preserve digital assets o
digitization projects.

obtain its
the

we will have an
Ibraries and

ptained by



Conclusions

e Thank you for your attention!

stefano.allegrezza@uniud.it
stefano.allegrezza@unimc.it



