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ABSTRACT

We present TREPS (Transformation de REperes en Physique Spatiale) an online tool to perform coordinate transformations commonly used in planetology and
heliophysics. It is based on SPICE kernels developed by NASA/NAIF. Its usage is straightforward, with a 4-step process, including various import/export options.
Interoperability with external services is available through Virtual Observatory technology which is illustrated in a use case.

1. Introduction

Comparing planetary/heliophysics vector data from heterogeneous
sources often implies to homogenise their reference frame. It is generally
a tedious, if not complex, task for data analysts when they are confronted
to the need for such transformations. NASA's Navigation and Ancillary
Information Facility (NAIF, http://naif.jpl.nasa.gov/) provides fully
tested (public domain) libraries to do just that. These libraries (the SPICE
information system) are available in various computer languages, are
directly implemented in specific operation and analysis software, and are
also integrated in general public tools like 3DView (http://3dview.cdpp.
eu, Génot et al., 2018) or Cosmographia (http://naif.jpl.nasa.gov/naif/
cosmographia.html). However these software and tools are generally
multi-purpose and complex. A simple, friendly, and focused tool, exclu-
sively devoted to coordinate transformations, was missing in the plane-
tary and heliophysics communities. The CDPP (http://www.cdpp.eu)
therefore designed TREPS (Transformation de REperes en Physique
Spatiale http://treps.cdpp.eu) with this aim. This paper explains the ar-
chitecture of the tool, its 4-step usage, and lists the reference frames
considered. Finally, two use cases are described, to demonstrate TREPS
integrates interoperability and can be connected to companion tools
through Virtual Observatory (VO) technology.

2. TREPS architecture and usage

TREPS is easily accessible via a user friendly interface in a browser
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window; it is coded in Javascript (Ext-JS). The transformation themselves
are done via web-service calls to the companion tool 3Dview (orbitog-
raphy and data visualization, Génot et al., 2018) which makes use of
SPICE kernels internally; these calls are transparent to the user.

More generally reference frames can be linked to instruments or
planetary boundaries (such that LMN for magnetopause studies). At
present these frames are not taken care of in TREPS. The complete list of
reference frames handled by TREPS is available in the Help/About
TREPS Tool.

The workflow in TREPS consists in four steps: first the user loads his/
her quantity to be transformed, second he/she chooses the source and
target reference frames and, optionally, the time base and the vector
definition, then the transformation is realized and the result can be
visualized, and finally exported. Import/export can be done with SAMP
(Simple Application Messaging Protocol), a standard protocol designed
by IVOA (International Virtual Observatory Alliance). Technically SAMP
is activated by opening a hub to which databases and tools can connect.
Tools like Topcat (Taylor, 2005), Aladin (Bonnarel et al., 2000) or Cassis
(Cassis team) embeds a SAMP hub. Practically the user can send vector
data from a database to TREPS, perform the transformation then send the
result to a third visualization or analysis tool; in this process no file needs
to be uploaded/downloaded.

Time transformations are also possible from/to different formats such
as: ISO8601 in several representations for day, month, year, etc, time
stamps (number of sec. Since 1970), decimal year, user defined patterns
(multiple options), epoch time and TT2000 for CDF format, DDTime for
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CDPP/DD server. The targeted time format must be specified in the
Exported Time Format setting at Step 3 in the TREPS workflow.
Let us now describe TREPS steps in detail.

2.1. Step 1

The home page of TREPS (Fig. 1) is the place where the source data
must be uploaded, either from a local file (it can be dragged and dropped
directly in the squared box encompassed by a dashed line in Fig. 1), or an
URL, or via SAMP, or via manual edition. The right part of the page
displays help for the different functionalities, general references on co-
ordinate transformations, as well as information on underlying web-
services. On Fig. 1 the help displays information on the types of files
that are accepted by TREPS in Step 1: they comprise tabular ASCII,
VOTable, CDF and NetCDF files. Once the source data are chosen, via
whatever means, the data are loaded which brings the user to Step 2.

2.2. Step 2

In Step 2 the window changes if data are correctly loaded (Fig. 2).
Time appears in yellow while the 3 components of vectors appear in red/
green/blue. In case the Source file contains more than a single vector, or a
mix of scalar and vector quantities, the user must choose which column
represents the x/y/z component respectively (this is the “edit mode™); for
self-describing CDF or NetCDF TREPS automatically recognizes arrays of
dimension three and displays them as vectors. If the file is in ASCII with 3
columns TREPS will directly highlight the columns in red/green/blue.
The user can add/remove selected vectors with the corresponding but-
tons in the ‘Vectors Definition” window. The time format is recognized
and displayed in “Time field”. At this step the user must enter important
information: the Source and Destination coordinate systems (or leave
them blank if the aim is only to perform time transformation, see below),
and whether the vector is a position or not. In case it is a position, as the
centres of the ‘Source system’ and of the ‘Destination system’ may differ,
the transformation must include the associated translation. If the user
wants to perform time format transformation only, the selection of
‘Source system’ and ‘Destination system’ is not mandatory. Once this is

" TREPS
. . Kernel Version: 1.8.0

) N

Step 1/4 - Source Data Selection

Select a Local File

Source File: ;Dron your file here

Select a Web File
Data from SAMP Protocol

Data from Manual Edition

K Reset o

Planetary and Space Science 150 (2018) 86-90

done the system is ready to proceed to the transformation itself and then
to Step 3.

2.3. Step 3

In Step 3 the resulting transformation is displayed either as a grid
result (i.e. similarly to the coloured vector representation in Step 2) or as
a plot as it is illustrated in Fig. 3. Source and destination vectors are
plotted and individual components can be selected. At this stage the user
has to choose how the transformed vector must be exported. The
exported time format must be specified as well as the file format itself.
Source and destination vectors can be gathered in the exported file. If the
user wants to use SAMP to send the transformed vector to companion
tools the export format must be VOTable (standardized XML).

2.4. Step 4

Finally the export operation is performed on Step 4 (Fig. 4). The
resulting file can be simply downloaded on the user disk. Alternatively a
SAMP hub can be activated (for instance with TOPCAT, see Génot et al.,
2014 for more details on how to use SAMP). A first click on the ‘Send (via
SAMP) to ... ’ button will ask the user to connect the TREPS page to the
hub. After accepting, if the VOTable format has correctly been chosen as
export format at Step 3, then the resulting file may be broadcasted to all
tools connected to the SAMP hub.

3. Science cases

TREPS can be used as a standalone tool to transform vector/position
files as shown in Section 2. However its possibilities are greatly enhanced
when it is part of a data analysis workflow. As an illustration, we propose
here the first necessary steps to analyze Titan's flow-induced magneto-
sphere (Bertucci et al., 2008). The aim of this science case is to obtain,
and subsequently visualize, the magnetic field measured by Cassini in
Titan centered reference frame, TIIS (Titan Interaction System). The (+x)
axis of the TIIS is aligned with the direction of ideal co-rotation, whereas
the (+y) axis points from Titan to Saturn. The (+z) axis completes the

TREPS - Coordinate and Time Transformations

[ File Formats

Available file formats are:

* Tabular ASCIlfile :

o the header character is #

o columns are separated by space characters or tab characters
* VOTable file :

o version 1.2

o specification available here.
* CDF file :

o version <= 3.5.0

o documentation available here.
* NetCDF file :

© version < 4.0

© documentation available here.

Seealso:

o Source Data Selection
e Transformation Result and Export Definition

Next &=

4 About

Fig. 1. TREPS welcome interface where source data selection is realized (Step 1, see text).
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Step 2/ 4 - Transformation Definition @
Coordinate systems selection (7]

Source system KSO - Kronian Solar Orbital

Destination system:

KSM - Kronian Solar Magnetospheric

Source Data (Total records : 1440) Q %Time Field Q

Time X Y z b_kso[0] b_ksof1]
2010-11-23T00:08:30.000Z  -9.15596 37.4885 -16.94 0.388 079
2010-11-23T00:09:30.000Z  -9.15717 37.4873 -16.9392 0.374 0.834
2010-11-23T00:10:30.000Z  -9.15837 37.486 -16.9384 0333 0.805
2010-11-23T00:11:30.000Z  -9.15958 37.4848 -16.9377 025 07
2010-11-23T00:12:30.000Z  -9.16079 37.4835 -16.9369 -0.137 -0.167
2010-11-23T00:13:30.000Z  -9.16199 37.4822 -16.9361 -0.354 -0.754
2010-11-23T00:14:30.000Z  -9.1632 37.481 -16.9353 -0.487 1126
2010-11-23T00:15:30.000Z  -9.1644 37.4797 -16.9346 -0.557 -1.301
2010-11-23T00:16:30.000Z  -9.16561 37.4785 -16.9338 -0.546 41.221
2010-11-23T00:17:30.000Z  -9.16682 374772 -16.933 -0.627 -1.348
2010-11-23T00:18:30.000Z  -9.16802 37.476 -16.9322 -0.666 -1.451
2010-11-23T00:19:30.0002  -9.16923 37.4747 16.9314 -0.726 1471
2010-11-23T00:20:30.0002  -9.17043 374735 -16.9307 0.7 1478
2010-11-23T00:21:30.0002  -9.17164 37.4722 -16.9299 -0.714 1516
2010-11-23T00:22:30.0002  -9.17284 37.4709 -16.9291 0.72 -1.507
2010-11-23T00:23:30.000Z  -9.17405 37.4697 -16.9283 038 1474
2010-11-23T00:24:30.000Z  -9.17525 37.4684 -16.9276 -0.874 1477
2010-11-23T00.25:30.0002  -9.17646 37.4672 -16.9268 -0.862 1435
2010-11-23T00:26:30.000Z  -9.17766 37.4659 -16.926 -0.862 -1.387
2010-11-23T00:27:30.000Z  -9.17887 37.4647 -16.9252 -0.699 1428
2010-11-23T00:28:30.000Z  -9.18007 37.4634 -16.9245 -0.878 1543

b_kso[2]
0.89
-0.835 J
-0.753

-0.687

-0.913

-0.935

0.654 Comp. 3

-0.369
cass_b_kso_... cass_b kso.. cass_b kso_...
-0.504 ,

-0.338 X 4 £
-0.256
-0.215
-0.213
-0.238
-0.262
-0.132
-0.042
0.05

-0.012
-0.41

-0.159

Time format I1SO 8601 with mis and Z - [YYYY]-[MM]-[DD]T[hh]:[mm]:[ss].[mIs] ~

Vectors Definition (2]

o Add & Edit

Comp. 1

&= Remove

Comp. 2

Fig. 2. TREPS interface at Step 2 (see text). Two vectors are recognized in the loaded file as can be seen in the Vector Definition window; the one displayed in colour on the left corresponds
to a position vector (X, Y, Z) hence the box ‘Pos.” must be ticked by the user on the bottom right.

Step 3/ 4 - Transformation Result and Export Definition

Grid Result
Plot Result €  Time format
Previous . Next Click on labels to show/hide components
14
E 0.5 4, o~ -»-v_0_KSO{0)
¥ bt
o 0 < ks A ': #-v_0_KSO[1]
= 4 -w-v_0_KSO[2]
O 05 1 -
(7} -+ v_0_KSM[0]
X L1
. + v_0_KSM[1]
(=)
1 -15 - v_0_KSM[2]
>
2

, . !
2010-11-23T07:30:30 2010-11-23707:55:30  2010-11-23T08:20:30
Time

File format

-»-v_1_KSO{0) File structure
w-v_1_KSO[1]
-w-v_1_KSO[2
~+v_1_KSM[0]
+v_1_KSM[1]
-+ v_1_KSM[2]

v_1-KSO to KSM

3

-20
2010-11-23T07:30:30

T 1
2010-11-23T07:55:30  2010-11-23T08:20:30

Time

e Exported Time Format

ISO 8601 with mis and Z - [YYYYHN ~

Exported File Structure [2]

VOTable File

Only result vectors

(2]

Help

Exported File Structure
Select the exported file format (see File Formats)
Select the exported file structure
* Only result vectors : only result vectors will be write in the file
* Keep source file structure : write all source file fields, and add result vectors

in the file
* Source and result vectors : write source vectors and result vectors in the file

Fig. 3. TREPS interface at Step 3 (see text). The two vectors defined at Step 2 haven been transformed and are plotted in separate windows. Original and transformed components are

overplotted.

right-handed coordinate system, pointing northward (i.e., it is approxi-
mately parallel to Saturn's magnetic moment/rotation axis). We use data
from NASA/PDS as they are archived in the CDPP data analysis tool
AMDA (Automated Multi Dataset Analysis http://amda.cdpp.eu/). It
should be noted that AMDA holds a collection of time tables, or event
lists, shared by all users, and among them a list of (83 among the 127
close flybys of the mission) Titan's fly-bys by Cassini (3 h interval
centered on the closest approach). The science case is conducted in
accordance with the following steps: the user logs in AMDA (or uses guest
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access), opens the Cassini data tree and chooses the MAG instrument. The
user opens a SAMP hub (by launching TOPCAT or other means) and
connects AMDA (connector button at the bottom right part of the
desktop) and TREPS (Step 1, Data from SAMP protocol) to the hub. In the
AMDA download interface the magnetic field dataset at 1 min resolution
in the KSO coordinate frame is selected together with the time table
“List_of Cassini_Titan_flybys”. Internally a file containing all magnetic
field records for the 83 (flybys) times 3 h of data is produced. Via SAMP,
the user then sends this file directly to TREPS and, because it is already
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Download the exported file

Interoperability with SAMP
With the IVOA/SAMP protocol, you can:

® receive source data from a client
e send datato a client

To use SAMP, you must connect TREPS to a SAMP hub:

o dlick on the "Connect to hub™ button, see Source Data Selection
| * or click directely on the "Send (via SAMP) to...” button, see Exportation
Result
|

Fig. 4. TREPS interface at step 4 (see text).

—-

. 4

. 3DView CDPP - Scene 1

File Media Camera Options Science Interoperability

Frame: 471/515 Go

Time: 2004/10/26 16:44:29

Frame =TIIS

Center = Titan

Start = 2004/10/26 14:00:00
Stop = 2004/10/26 17:00:00

Step

Distances ( Rt = Titan radius = 2575.000km )

25 |framels Loop animation [l

/ Cagéifi

Fig. 5. Magnetic field vector around Titan for the TA flyby (3 h on the 26,/10/2004) visualized in the 3DView tool (scene is in TIIS coordinate system). The colour and the length of the arrows
both code the field amplitude (colour scale: blue to red). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

connected to the hub, all fields are automatically filled (Step 2). The user
chooses KSO as “Source system” and TIIS as “Destination system”. Hitting
the Next button performs the KSO—-TIIS transformation. At Step 3 the
user can prepare the way he/she wants to export the data. Selecting
VOTable (an XML format practical for machine to machine exchange) it is
then possible, on Step 4, to ‘SAMP’ the transformed data back to AMDA,
or alternatively to push them to TOPCAT or 3DView for further analysis
or visualization (as illustrated on Fig. 5), respectively. A broad survey of
Titan's flybys have been conducted in Simon et al. (2013). They made use
of TIIS magnetic field as the starting point of their analysis to study the
influence of the field draping on the structure of the induced magneto-
sphere. In the paper it is further demonstrated that a new coordinate
system eliminating the influence of a rotation of the induced magneto-
sphere around the corotation direction is more appropriate for the
analysis. However this new system makes use of the specific orientation
of Saturn's field at each flyby and cannot be implemented in a systematic
way in TREPS for the moment.

Another science case combining AMDA, 3DView and TREPS is pre-
sented in Génot et al. (2014). It shows how to transform magnetic field
vector, measured by the THEMIS C spacecraft orbiting the Moon and
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available on the AMDA database, from the archived GSE (Earth-centered)
coordinate system to the LSE (Moon-centered) coordinate system. The
transformed vector is then sent to the 3D visualization tool 3DView to be
displayed and manipulated in context.

4. Conclusion

This paper shows the main functionalities of a web-based coordinate
transformation tool, TREPS, designed and developed by the French
Plasma Physics Data Centre (CDPP). The usage is simplified by a step by
step approach and associated documentation. The transformations are
based on the well referenced SPICE libraries from NASA/NAIF. The
simplicity of the tool makes it an ideal software for students in planet-
ology and heliophysics with very few IT prerequisites; it is also very
convenient for the general space physics scientist who often has to work
in multiple coordinate systems. Connections to the outside world is
possible via the virtual observatories (IVOA) standards, namely SAMP
and VOTable. Future developments will take care of additional coordi-
nate systems, at the same time they are added in the companion tool
3DView which holds the SPICE libraries.
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