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Introduction: Planetary science is a vast  field of
investigation that brings together several research com-
munities  (geologists,  astronomers,  physicists,  geo-
chemists, etc.), and produces an impressively growing
amount  of  heterogeneous  data.  Interoperability  and
openness  of  data  formats  and  processing  techniques
are becoming a necessity, to avoid the risk of being un-
able to efficiently extract  scientific information from
the data, and to guarantee the reproducibility of the sci-
entific results.

This  abstract  will  describe  how  Flexible  Image
Transport System (FITS) [1, 2] can be used in plane-
tary surface investigations, and how its metadata can
easily be inserted in the PDS 4 [3, 4] metadata distribu-
tion model.

FITS  for  Planetary  Surfaces:  FITS  is  an  open
digital standard, defined by the astronomical scientific
community for data acquisition and archiving in astro-
nomical observatories back in the late 70’s, and is used
for spatial telescope data too. FITS is one of the stan-
dard formats in the Virtual Observatory (VO) and it is
compatible with PDS (version 3 and 4) archiving spec-
ifications. It is supported by a large number of open li-
braries and software tools, including the growing As-
tropy  [5,  6]  initiative,  that  provides  an  efficient  and
well documented framework for astronomical data re-
duction pipeline in Python.

The option to use FITS within the planetary domain
is an opportunity to allow sharing of data across differ-
ent  domains and  homogenize  methods from acquisi-
tion, to visualization, while optimizing data processing.

 FITS is already able to propose standard format-
ting for some data products quite common by now in
planetary  surface  investigations.  In  particular,  Multi-
Extension FITS (MEF) schema proposes an easy way
to  store  inhomogeneous  digital  information  (re-
flectance, calibration data, vector table data, etc.) in the
same file each with relative metadata, as well as multi-
detector imagery (e.g. from HiRISE [7]) or hyperspec-
tral cubes (e.g. from CRISM [8] or OMEGA [9]). FITS
has been already chosen to distribute, e.g., Hayabusa
[10] and some of the Dawn [11] data.

To be efficiently used in planetary surface investi-
gations, FITS metadata must be extended in order to
take into account the size of the reference body. In the

framework of the VESPA [12, 13] component of the
Europlanet 2020 project an extension to FITS metadata
(GeoFITS) has been proposed [14].

Developments are in progress [15] in order to pro-
vide  interoperability  between  the  FITS  format  and
geospatial  applications  commonly  used  by  planetary
surface research community by using the open source
Geospatial Data Abstraction Library (GDAL) [16].

PDS4  evolution: PDS  standard  version  4  com-
pletely assumes its role of data modeling for archiving
and  distribution,  detaching  archiving  metadata  from
data. This means that in PDS 4 archiving structure, la-
bels and data products are always detached.  PDS4 la-
bels  are  written  in  eXtensible  Markup  Language
(XML). XML was chosen because it is a widely used
international standard for which a large amount of soft-
ware already exists. In particular XML is used as ex-
change format  in a  wide number  of  on-line applica-
tions: PDS4 will simplify retrieving archive metadata
by remote clients.

Like  PDS3,  PDS4  has  a  set  of  tags  to  support
geospatial applications. Developments to provide inter-

Fig. 1: Scheme of Multiple Digital Objects as MEF
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operability  to  geospatial  applications  have  already
started [17, 18].

FITS to PDS4 dictionary: As previously outlined,
PDS4 is meant to be an archiving standard, while FITS
is proposed here to simplify and automatize processing
logistics.  PDS4 Classes  and  Attributes  do  not  corre-
spond literally to FITS keywords. The relation between
them is highlighted in Table 1 as a way of example, to
show how standard FITS keyword can be used to ex-
port a data product model in PDS4.

Table 1: Standard FITS keywords in the PDS4 archiv-
ing scheme

FITS PDS4 Notes

BITPIX Data_type 

8 → UnsignedByte or

UnsignedBitString

16 → SignedMSB2

32 → SignedMSB4

-32 → IEEE754MSBSingle

-64 → IEEE754MSBDouble

BSCALE Scaling_Factor Real 

BZERO Value_Offset Real

BUNIT unit Short_String

DATAMAX valid_maximum  

DATAMIN valid_minimum  

NAXIS axes
axis_index_order =

Last Index Fastest

DATE creation_date_time

DATE-OBS start_date_time  

INSTRUME Instrument

TELESCOP Instrument_Host

OBJECT Target

ORIGIN Institution_Name

AUTHOR author_list

REFERENC citation_information

New FITS keywords proposed in the GeoFITS ex-
tension will be used to fill the PDS4 Cartography disci-
pline namespace. See Table 2 and 3 for simple transla-
tions to  the Coordinate_Representation and the Geo-
detic_Model classes.

Table 2: Filling Coordinate_Representation class with 
FITS metadata

PDS4 FITS

pixel_resolution_x CD1_1 (in meters)

pixel_resolution_y CD2_2 (in meters)

pixel_scale_x 1/CD1_1 (in degrees)

pixel_scale_y 1/CD2_2 (in degrees)

Table 3: Filling the Geodetic_Model class with FITS 
metadata

PDS4 FITS

latitude_type WCSNAME

spheroid_name WGCCRECS

semi_major_radius A_RADIUS

semi_minor_radius B_RADIUS

polar_radius C_RADIUS

Longitude direction CD1_1
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