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1. Introduction

1.1. Purpose and Scope

The purpose of this EAICD (Experimenter to (Science) Archive Interface Control Document) is two folds.
First it provides users of the VIRTIS instrument with detailed description of the product and a description
of how it was generated, including data sources and destinations. Secondly, it is the official interface
between our instrument team and the archiving authority.

1.2. Archiving Authorities
The Planetary Data System Standard is used as archiving standard by

e NASA for U.S. planetary missions, implemented by PDS
e ESA for European planetary missions, implemented by the Research and Scientific Support
Department (RSSD) of ESA

1.2.1. ESA's Planetary Science Archive (PSA)
ESA implements an online science archive, the PSA,

e tosupport and ease data ingestion
e to offer additional services to the scientific user community and science operations teams as e.g.
o search queries that allow searches across instruments, missions and scientific disciplines
o several data delivery options as
= direct download of data products, linked files and data sets
= ftp download of data products, linked files and data sets

The PSA aims for online ingestion of logical archive volumes and will offer the creation of physical archive
volumes on request.

1.3. Contents

This document describes the data flow of the VIRTIS instrument on Rosetta from the S/C until the
insertion into the PSA for ESA. It includes information on how data were processed, formatted, labeled
and uniquely identified. The document discusses general naming schemes for data volumes, data sets,
and data files. Standards used to generate the products are explained. The design of the data set
structure and the data product is given. Examples of the data labels are given.

1.4. Intended Readership
The staff of the archiving authority (Planetary Science Archive, ESA, RSSD, design team) and any potential
user of the VIRTIS data in the scientific community.

1.5. Applicable Documents

[AD 1]. Planetary Data System Preparation Workbook, February 1, 1995, Version 3.1, JPL, D-7669,
Partl



Document No. : VIR-INAF-IC-001

. Issue/Rev. No. : 4.5
INAF ROSETTA - VIRTIS EAICD
. Date :  October 2017
Page : 8

[AD 2]. Planetary Data System Standards Reference, August 3, 2003, Version 3.6, JPL, D-7669, Part
2

[AD 3]. Rosetta Archive Generation, Validation and Transfer Plan, January 10, 2006, RO-EST-PL-
5011

[AD 4]. Rosetta Archive Conventions, January 10, 2006, RO-EST-TN-3372

[AD 5]. Planetary Science Data Dictionary, Revision D, JPL D-7116, July 15, 1996

[AD 6]. VIRTIS Data Archive Format, April 29, 2002, VIR-ORS-RS-1146, Version 3.4

[AD 7]. Update to VIRTIS Rosetta Archive Format, July 20, 2006, VIR-ORS-RS-2251, Issue 2.5

[AD 8].  VIRTIS SW Internal Interface Control Document, July 2001, VIR-GAL-IC-028, Issue 7

[AD 9].  VIRTIS Functional Architecture Specification Document, March 6, 1998, VIR-GAL-SP-045,
draft

[AD 10]. VIRTIS-M OGSE Control System/Unit Tester Interfaces: SW Requirement Specification,
March 3, 2000, VIR-GAL-RS-084, Issue 1

[AD 11]. VIRTIS SW User Requirements, July 2001, VIR-GAL-UR-040, Issue 5.0

[AD 12]. HW and SW Specifications for the Interconnection between the EGSE and the HSGE during
the calibration tests, February 14, 2001, VIR-ST-0-0003-IAS, Issue 2.

[AD 13]. VIRTIS EGSE Requirement Specification, January 25, 2000, VIR-GAL-RS-062, Issue 3

[AD 14]. VIRTIS On-Board Data Handling SW Interface Control Document, June 18, 2001, VIR-GAL-
IC-0048, Version 6

[AD 15]. VIRTIS SW Requirement Document, December 6, 2000, VIR-DLR-RS-003, Version 2, draft
1

[AD 16]. VIRTIS Experiment User Manual, July 2003, RO-VIR-UM-001, issue 3

[AD 17]. VIRTIS M Calibration Report, October 2006, VIR-INAF-MA-002, issue 2

[AD 18]. VIRTIS H Calibration, June 2013, LES-RP-YYYY, issue 1

[AD 19]. VIRTIS PDS/IDL software library VVX-LES-SW-2264, issue 3.0 (LECTURE_PDS.PDF in the
archive)

[AD 20]. VIRTIS Rosetta geometry files VVX-LES-TN-2338, Issue 0.6, June 2013
(VIRTIS_GEOMETRY.PDF in the archive)

1.6. Relationships to Other Interfaces

Raw data PDS cubes are generated by the EGSE [AD 13]: any change in the EGSE generation process
would necessarily affect this document. Any future reprocessing of the data, for whatever reason, even
if the labels are not affected, must be taken into account and described in this document.

1.7. Acronyms and Abbreviations

ADC: Analog Digital Converter

ASDC: ASI Data Centre

CMWS: Control and Monitoring WorkStation
DHSU: Data Handling System Unit

EDR: Experimental Data Record

EGSE: Electrical Ground Support Equipment
FPA: Focal Plane Arrays
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HK: HouseKeeping parameters

IDL: Interactive Data Language

IR: InfraRed

ISIS: Integrated Software for Imagers and Spectrometers
ITF: Instrument Transfer Function

ME: Main Electronic

OBT: On-Board Time

PC-OPB: PC-OPtical Bench

PEM: Proximity Electronic Module

PDS: Planetary Data System

PI: Principal Investigator

PIWS: Principal Investigator WorkStation
PSA: Planetary Science Archive

QM: Qualification Model

RDDS: Rosetta Data Distribution System
RTU: Remote Terminal Unit

SI: Systeme International d'unites

SCET: SpaceCraft Elapsed Time

UTC: Universal Time Corrected

1.8. Contact Names and Addresses

INAF-IAPS, Maria Teresa Capria, +39 06 4993 4452, mariateresa.capria@iaps.inaf.it

INAF-IAPS, Gianrico Filacchione, +39 06 4993 4454, Gianrico.Filacchione@iaps.inaf.it

INAF-IAPS, Romolo Politi, +39 06 4993 4710, Romolo.Politi@iaps.inaf.it

2. Overview of Instrument Design, Data Handling Process and Product
Generation

2.1. Scientific Objectives
The primary scientific objectives of VIRTIS during the Rosetta mission are:
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study the cometary nucleus and its environment;
determine the nature of the solids on the nucleus surface;
identify the gaseous species,

characterize the physical conditions of the coma,

measure the temperature of the nucleus.

Secondary objectives include helping with the selection of landing sites and providing support to other
instruments.

Tertiary objectives include the detection and characterization of the asteroids during flybys.

2.1.1.

2.1.2.

2.1.3.

VIRTIS-M Nucleus Science Objectives

Identify different ices and ice mixtures and determine their spatial distribution for albedo values
ranging from 0.02 to 0.4.

Identify the carbonaceous materials and determine the overall continuum slopes of the spectra.
Determine the physical microstructure and nature of the surface grains by measuring the
spectrophotometric phase curve with a relative radiometric accuracy of 1%.

Identify the silicates, hydrates and other minerals with a spectral resolution of A/AL > 100 in the
full spectral band.

With a spatial resolution of a few tens of meters, globally map the nucleus and determine the
spatial distribution of the various mineralogical types and their mixtures using both the spectral
features and the overall brightness.

Detect and monitor active areas on the comet surface to understand the operating physical
processes and identify the associated material types.

VIRTIS-M Coma Science Objectives

With a resolving power of 100, determine the global distribution of gas and dust in the inner
coma with to absolute and relative radiometric accuracy < 20% and 1% relative. Determine the
thermal properties of the dust.

Identify and map the strong molecular emissions in the near ultraviolet and visible spectral band,
including the main water dissociation product OH at 0.28 mm and 0.31 mm, CN, C;, NH, CH and
CO* ions, and the neutral radicals CN and C2. With a high spatial resolution of 250 prad and a
moderate spectral resolution of 500, correlate the evolution of radicals with that of their parent
molecules. Correlate the results of these measurements with ground based telescopic
observations.

Map the composition and evolution of gas and dust jets in the coma and correlate it with the
mineralogical composition and spatial morphology of active regions on the nucleus surface.

VIRTIS-H Nucleus & Coma Science Objectives

With a S/N > 100 and resolving power higher than 1000, determine the composition of ices on
the nucleus surface by resolving the absorption bands of condensed molecules between 2 and 3
microns.

In the 2 to 5 um band, identify molecules in the gas, and measure rotational temperature. With
a resolving power of 1500 at 3.5 um, identify the hydrocarbon emission in the 3 to 4 um band.
Determine the composition of the dust grains in the coma by observing emission features in the
fundamental bands between 2.5 and 5 um at less than 2 A.U.
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2.1.4. VIRTIS Asteroid Science Objectives

The asteroid part of Rosetta mission will include the encounter with two asteroids, 21 Lutetia and 2867
Steins. VIRTIS will allow the determination of the global and local properties of the target asteroids.

The scientific goals achievable with a minor planet encounter are:

= The characterization of the global shape of the asteroid and the knowledge of its physical
properties: size, shape, pole and rotational period, density.

= The study of the morphological characteristics (local features, craters distribution, evidence of
possible regolith) and mineralogical composition (heterogeneity of the surface, identification of
local chemical provinces, first layer texture).

= The analysis of the asteroid environment to detect the presence of dust or gas.

2.2. Instrument Description

The VIRTIS (Visible InfraRed Thermal Imaging Spectrometer) instrument combines a double capability:
(1) high-resolution visible and infrared imaging in the 0.25 - 5 um range at moderate spectral resolution
(VIRTIS-M channel) and (2) high-resolution spectroscopy in the 2-5 um range (VIRTIS-H channel). The
two channels will observe the same comet areas in combined modes to take full advantage of their
complementarities. VIRTIS-M (named -M in the following) is characterized by a single optical head
consisting of a Shafer telescope combined with an Offner imaging spectrometer and by two two-
dimensional FPAs: the VIS (0.25-1 um) and IR (1-5 um). VIRTIS-H (-H) is a high-resolution infrared cross-
dispersed spectrometer using a prism and a grating. The 2-5 um spectrum is dispersed in 9 orders on a
focal-plane detector array. The main characteristics of VIRTIS can be found in the Table 2-1.
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VIRTIS MAIN CHARACTERISTICS AND REQUIREMENTS

VIRTIS-M VIRTIS - M VIRTIS - H
Visible InfraRed
Spectral Range (nm) 220.1-1046.0 952.8 - 5059.2 Order 0 4.05-5.031
Order 13.47-4.32
Order 2 3.04-3.78
Order 3 2.70-3.37
Order 4 2.43-3.03
Order 52.21-2.76
Order 6 2.03-2.53
Order 7 1.88-2.33
Spectral Resolution A/AA 100 - 380 70 - 360 1300-3000
Spectral Sampling 1.89 9.44 0.6
(hm)?
Field of View 63.6 (slit) x 64.2 (scan) | 63.6 (slit) x 64.2 (scan) 0.583 x1.749
(mrad x mrad)
Max Spatial Resolution (urad) 248.6 (slit) x 250.8 (scan)
Pointing +Zsc and Boresighted with Osiris, NavCam
Telescope Shafer Telescope Shafer Telescope Off axis parabolic mirror
Pupil Diameter (mm) 47.5 32
Imaging F# 5.6 3.2 2.04
Etendue (m? sr) 4.6x101 7.5x10° .8x107°
Slit Dimension (mm) 0.038 x9.53 0.029 x 0.089
Spectrometer Offner Relay Offner Relay Echelle spectrometer
Detectors Thomson TH7896 CCD CdHgTe? CdHgTe?
Sensitivity Area Format 508 x 1024 270 x 436 270 x 436
Pixel Pitch (um) 19 38 38
Operating temp. (K) 150 to 190 65 to 90 65 to 90
Spectral range (um) 0.25t0 1.05 0.95t0 5.0 0.95t0 5.0
Mean Dark Current <lel/s <10fA @ 70K <10fA @ 70K
Radiometric Resolution > 100 > 100 > 100 @ 3.3 micron
SNR
Radiometric Accuracy
Absolute <20% <20% <20%
Relative <1% <1% <1%

Table 2-1: VIRTIS characteristics and performances overview.

! The real physical orders are from 6 to 13.

2 This depends on the selected mode of operation; here it is reported the maximum value (no pixel
summing).
3 VIRTIS-M and -H make use of identical IR detectors.
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2.2.1. Technical Description

The instrument is divided into 4 separate modules: the Optics Module - which houses the two -M and -
H optical heads and the Stirling cycle cryocoolers used to cool the IR detectors to 70 K -, the two Proximity
Electronics Modules (PEM) required to drive the two optical heads, the Main Electronics Module - which
contains the Data Handling and Support Unit, for the data storage and processing, the power supply and
control electronics of the cryocoolers and the power supply for the overall instrument.

Proximity Electronics Modules Each optical head requires specific electronics to drive the CCD, the two
IRFPAs, the covers, the thermal control; the PEMs are two small boxes interfaced directly to the S/C and
placed in the vicinity of the Optics Module to minimize interference noise.

Optics Module The -M imaging spectrometer and the -H Echelle spectrometer optical heads are located
inside the Optics Module, which in turn is divided into two regions thermally insulated from each other
by means of MultiLayer Insulation (MLI): the Cold Box and the Pallet.

The Pallet is mechanically and thermally connected to the SpaceCraft; inside the Pallet are located the
two Stirling cycle cryocoolers. The heat produced by the cryocoolers compressors (a maximum of 24 W
in closed loop mode) is dissipated to the spacecraft.

The Cold Box contains the two optical heads and its main function is to act as a thermal buffer between
the Optical Heads, working at 130 K, and the external environment (the S/C temperature ranges from
250 to 320 K). The Cold Box is mechanically connected to the Pallet through 8 Titanium rods, whose
number and size were selected to minimize conductive heat loads and to avoid distortion upon cooling
from room temperature. The structural part of the cold box is a ledge which is supported by the 8
titanium rods; on the ledge, the two optical heads are mechanically fixed.

Thermal insulation of the Cold Box is improved by means of MLI, while thermal dissipation from the Cold
Box is achieved by means of a two stages passive radiator: the first stage keep the Cold Box temperature
in the range 120-140 K, while the second stage is splitted in two parts, one for each optical head, and
allows to reach the required 130 K.

Another important component of the instrument are the two covers; they provide a double function:
protection against dust contamination, internal calibration by means of an internally reflecting surface
finish. They use a step motor and their operation is controlled by the PEMs.

VIRTIS-M - The VIRTIS-M optical head perfectly matches a Shafer telescope to an Offner grating
spectrometer to disperse a line image across two FPAs. The Shafer telescope produces an anastigmatic
image, while Coma is eliminated by putting the aperture stop near the center of curvature of the primary
mirror and thus making the telescope monocentric. The result is a telescope system that relies only on
spherical mirrors yet remains diffraction limited over an appreciable spectrum and field: at = 1.8 degrees
the spot diameters are less than 6 um in diameter, which is 7 times smaller than the slit width.

The Offner grating spectrometer allows to cover the visible and IR ranges by the realization, on a single
grating substrate, of two concentric separate regions having different groove densities: the central one,
approximately covering 30% of the grating area is devoted to the visible spectrum, while the external
region is used for the IR range. The IR region has a larger area as the reflected infrared solar irradiance
is quite low and is not adequately compensated by the infrared emissions of the cold comet.
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The visible region of the grating is laminar with rectangular grooves profile, and the groove density is
268 grooves/mm. Moreover, to compensate for the low solar energy and low CCD quantum efficiency in
the ultra-violet and near infrared regions, two different groove depths have been used to modify the
spectral efficiency of the grating. The resulting efficiency improves the instrument's dynamic range by
increasing the S/N at the extreme wavelengths and preventing saturation in the central wavelengths.

Since the infrared channel does not require as high a resolution as the visible channel, the lower MTF
caused by the visible zone's obscuration of the infrared pupil is acceptable; the groove density is 54
grooves/mm. In any case, the spot diagrams for all visible and infrared wavelengths at all field positions
are within the dimension of a 40 um/pixel. For the infrared zones, a blazed groove profile is used that
results in a peak efficiency at 5 um to compensate for the low signal levels expected at this wavelength.

VIRTIS-H. - In -H the light is collected by an off-axis parabola and then collimated by another off-axis
parabola before entering a cross-dispersing prism made of Lithium Fluoride. After exiting the prism, the
light is diffracted by a flat reflection grating which disperses in a direction perpendicular to the prism
dispersion. The prism allows the low groove density grating, which is the echelle element of the
spectrometer, to achieve very high spectral resolution by separating orders 6 through 13 across a two-
dimensional detector array: the spectral resolution varies in each order between 1200 and 3500.

Since the -H is not an imaging channel, it is only required to achieve good optical performance at the
zero field position. The focal length of the objective is set by the required IFOV and the number of pixels
allowed for summing. While the telescope is F/1.6, the objective is F/1.67 and requires five pixels to be
summed in the spatial direction to achieve about 1 mrad2 IFOV, corresponding to 3 pixels (3 x 0.58 mrad
x 0.58 mrad).

Main Electronics Module. - The Main Electronics is physically separated from the Optics Module. It
houses the Power supply for all the experiment, the cooler electronics, the spacecraft interface
electronics, for telemetry and telecommanding, the interfaces with the Optics Module subsystems, and
the DHSU (Data Handling and Support Unit) which is the electronics for the data handling, processing
and for the instrument control.

The data processing and the data handling activities into the DHSU are performed using an on-line
philosophy. The data are processed and transferred to the spacecraft in real time. The mass memory
(SSR) of the spacecraft is used to store or buffer a large data volume. The Main Electronics contains no
additional hardware component for data processing and compression. All data processing is performed
by software.
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Figure 2-1:VIRTIS functional block diagram.
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Instrument operations

VIRTIS produces the following types of TM data:

1. TC verification reports;

2. H/K data reports;

3. Eventreports;

4. Memory reports;

5. Science reports (science data).

They are transmitted to the S/C DMS through the RTU I/F except the Science reports that are transmitted
on the High Speed I/F. If this is not available (e.g. failure) the instrument can be commanded to start a
degraded Science mode which does not use the High Speed link. In this case the Science reports are

transferred via the RTU I/F like the other TMs.
2.2.2. VIRTIS-M Operation modes

Possible VIRTIS-M operation modes, coded with the INSTRUMENT_MODE_ID parameter in the PDS

header, are the following:

1 M_Off

2 M_Cool_Dow

3 M_ldle

4 M_Annealing

5 M_PEM_On

6 M_Test

7 M_Calibration

8 M_Science_High_Spectral_1
9 M_Science_High_Spectral_2
10 M_Science_High_Spectral_3
11 M_Science_High_Spatial_1
12 M_Science_High_Spatial_2
13 M_Science_High_Spatial_3
14 M_Science_Nominal_1

15 M_Science_Nominal_2

16  M_Science_Nominal_3

17  M_Science_Nominal_Compressed
18 M_Science_Reduced_Slit

19 M_User_Defined

20 M_Degraded

63 M_ME_Test
2.2.3. VIRTIS-H Operation modes

1 H_Off

2 H_Cool_Down
3 H_ldle

4 H_Annealing
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5 H_PEM_On

6 H_Test

7 H_Calibration

8 H_Nominal_Simulation

9 H_Science_Maximum_Data_Rate
10 H_Science_Nominal_Data_Rate
11  H_Science_Minimum_Data_Rate
12  (deleted)

13 H_Science_Backup

14 H_User_Defined

15 (deleted)

16 (deleted)

17 (deleted)

18 H_Spectral_Calibration_Simulation
19 H_Degraded

63 H_ME_Test

2.3.Science Data Formats
2.3.1. VIRTIS-M Science Data Format

Science data generated by the VIRTIS-M VIS and VIRTIS-M IR are stream of 16bit words, each
corresponding to one pixel. Detector data are acquired on a spectral basis (spectrum by spectrum). In

Figure 2-2 a sketch of the detectors and their alignment with respect to the slit and spectrum direction
is reported. The axes are aligned to the axes of the spacecraft.

Y (Slit direction )

A

| w

Last pixel

Pixel#1
Pixel#2

e

X1 X ( Spectral Dispersion)

Y1 ||

v

Figure 2-2: Data Organization on the CCD and IR detectors of VIRTIS-M.
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The VIS CCD detector is a frame transfer detector of 1024x1024 CCD elements, thus only 512x1024 pixels
are usable as image area. Moreover, each detector element has a physical size which is the half of the IR
detector pixel, thus summation of 2x2 pixels shall be performed by the PEM to match spatial resolution
of the IR channel. This action is performed directly by the PEM and is transparent to the final user.

The ME receives from the CCD 438 spectral and 256 spatial pixels and from the M-IR in full window mode
receives 438 spectral and 270 spatial pixels. For compatibility with aninteger binning value these formats
are further reduced to a common 432x256 by the ME.

For M-IR the ME can command the PEM to produce a reduced window (438 spectral and 90 spatial pixels)
to be used in the M_reduced_slit mode. In this case 90 pixels in the central area of the slit are selected.

2.3.2. VIRTIS-M Internal Calibration Data Format

Instrumental performances can be checked during in-flight conditions thanks to the internal calibration
sequence. VIRTIS-M, in fact, can acquire reference signals thanks to the combined use of cover, shutter
and VIS and IR lamps. These lamps, housed on the side of the telescope, illuminate the internal side of
the external cover. The cover is placed near the entrance pupil of the instrument to minimize optical
aberrations. The window of each lamp contains a transparent filter (holmium for the VIS, polystyrene for
the IR) to introduce some well-shaped spectral absorption features on the overall spectrum. The signal
coming from the two lamps can be used to:

= check the in-flight stability of the instrumental spectral response;

= check the in-flight stability of the flat-field;

= monitor the evolution of defective pixels (number and distribution);

= perform a check on the relative radiometric response of the instrument.

The internal calibration mode, implemented in the VIRTIS-M on-board software, consists in the
acquisition of a sequence of 35 frames: 5 electronic offsets, 5 backgrounds, 5 dark currents, 5
acquisitions of the IR lamp, 5 acquisitions of the VIS lamp, 5 dark currents and 5 backgrounds.

Table 2-2 contains a description of the instrument configuration during each internal calibration step.

Internal calibration cubes are coded with INSTRUMENT_MODE_ID=7 in the PDS header.

Configuration Frame Cover Scan IR Lamp Vis IR
number mirror Texp (s) Texp (s)

Electronic 1-5 Closed Open Boresight | Off Off 0.0 0.0

offset

Background 6-10; Closed Open Boresight | Off Off 20.0 0.5
31-35

Dark current | 11-15; Closed Closed Boresight | Off Off 20.0 0.5
26-30

IR Lamp 16-20 Close Open Boresight | On Off 20.0 0.5

acquisition

Vis lamp 21-25 Close Open Boresight | Off On 1.0 0.1

acquisition

Table 2-2:VIRTIS-M internal calibration sequence
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2.3.3. VIRTIS-H Science Data Format

VIRTIS-H uses the same IR detector as VIRTIS-M however, due to the different design of the two channels,
the detector is used rather differently.

VIRTIS-H is a high resolution spectrometer and does not perform imaging; the H-IR detector is used to
acquire spectra spread over its surface, thus only a portion of the pixels contains useful scientific data.
The 8 spectral orders are spread over the entire surface matrix. In each spectral order the spectrum
covers 432x5 pixels (where 5 pixels represent the image of the slit size when imaged on the detector).

Thus overall only 15% of the 438x270 pixels matrix surface is used. To reduce the overall data rate and
volume, H uses the so called Pixel Map which gives the exact location of the spectra over the H-IR
detector. The ME calculates the location of the pixels to be downloaded and passes it to PEM-H which
then downloads them accordingly. The downloaded data are the H_SPECTRUM, a set of 432x8x5. A
H_Spectrum can be defined as a composition of the 8 orders imaged on the H-IR detector; the
H_Spectrum is extracted from the two-dimensional detector by using a map of the lighted pixels based
on 8 spectral orders of 432 elements and a width of 5 pixel for each order. The 5 pixels are reduced to 1
pixel by averaging. The H_Spectrum is composed of 3456 pixels.

As H has no spatial resolution the 5 pixels are averaged together, thus the final end-product in the
H_Nominal acquisition mode is a 3456 (or 432x8) pixels spectrum representing the full spectral range of
the instrument from 1.88 through 5.03 um.

However, the PEM-H can also be commanded to download the full frame to ME in the Calibration and
Science Backup modes. In this case all the 432x256 pixels are sent to ME.

438 Pixels

A
v

8th Order

270 pixels

1st Order

v

Figure 2-3: Spectral orders distributed over the IR FPA area. Only 15% of the matrix contains scientific data.
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2.3.4. VIRTIS-H Internal Calibration Data Format
A sequence of internal calibration of Virtis-H is operated as follows [AD 18]

Slit_spectral_calibration : 3 images (H_Image_Slice) with Cover closed, H-Shutter closed then S-
lamp switched on, using functional param. integration time H_INT_SPECT_S

Telescope_spectral_calibration : 2 images (H_image_slice) with H-shutter closed, then T_lamp
switched on, using functional param. integration time H_INT_SPECT_T

Image_slice_radiometric_calibration : 2 images, one H-shutter closed, then R-lamp switched on,
using functional param. integration time H_INT_RADIO

Spectrum_Radiometric_Calibration : same, using the H_spectrum mode (dark with shutter closed,
and then R-lamp on)

The total of an internal calibration is 7xH_Image_Slice + 2 H_spectrum. The purpose of the internal
calibration is the verification of the pixel map and wavelength pixel map (through telescope spectral
calibration), the radiometric evolution of the VIRTIS-H chain (lamps+spectrometer+detector), which can
be followed along the mission, and the functionality of the on board spectral reconstruction by
comparing the H_spectrum mode to Image_Slice mode on the same radiometric calibration image.

The slit calibration using the S-lamp is redundant with the T-lamp, but provides in addition a check of the
integrity of the detector, by illuminating a large part of the detector (by scattered light), to follow the
bad pixels evolution.

2.3.5. Calibration pipeline for VIRTIS-M

VIRTIS-M calibration pipeline is described in [AD 17], which contains the algorithms used to transform
raw digital numbers in spectral radiance (W m? pum™ sterad?). In this document are described the
methods used to retrieve:

= Spectral calibration: correspondence between band number and wavelength (nm);

= Geometrical calibration: optical misalignment between -M Vis and IR channels boresights; in field
distortions;

= Spatial calibration: flat field matrix;

= Radiometric calibration: instrumental transfer function necessary to convert DNs in spectral
radiance (W m2 um™ sterad™?);

by using on ground calibration data and measurements. A section describes step by step the algorithms
necessary to calibrate raw data.

The following calibration files of VIRTIS-M are distributed with this data release:
VIRTIS_M_VIS_SPECAL 10 V1.DAT: spectral calibration for VIRTIS-M visible channel;
VIRTIS_M_IR_SPECALI_10 V1.DAT: spectral calibration for VIRTIS-M infrared channel;
VIRTIS_M_VIS_RESP_10_V1.DAT: high resolution responsivity for VIRTIS-M visible channel;

VIRTIS_M_IR_RESP_10_V1.DAT: high resolution responsivity for VIRTIS-M infrared channel;
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The version of the file is part of the filename (V1). As calibrations never ends but evolves during the
instrument life, further improved procedures and updated files will be released during the development
of the mission; in this case the version number will be changed.

A raw data cube contains the not calibrated signal in DN; dark currents and thermal background are
automatically subtracted from the data by an on-board processing performed by the Main Electronics
(ME). The counts can be converted in physical units of spectral radiance Rad (W m2 um? sterad?) by
using the following formulas:

DN(A(b), s, Dy;s
tyis - R(AA(D), $)yis

DN(A(b),s,1
Rad(A(b),s, D) g = - -(RE){EI; S))I;

where A(b) is the wavelength associated to band b according to spectral calibration tables of VIS and IR
channels; s and | correspond to sample and line location of the pixel in the original cube; t is the
integration time (in seconds) indicated in the PDS header of the file for VIS and IR channels; R( A(b), s, )
is the responsivity matrix for VIS and IR channels (files VIRTIS_M_VIS_RESP_10_V1.DAT and
VIRTIS_M_IR_RESP_10_V1.DAT). This calculus can be applied to high resolution acquisitions (432 bands
times 256 samples); in nominal modes where spatial and/or spectral resolutions are reduced, it is
necessary to interpolate both spectral tables and responsivity matrices according to binning values.

Rad(A(b),s,Dy;s =

After the calibration all the pixels that in the raw data have a value equal or greater than 18000 DN will
be flagged as saturated with the value -1000.

2.3.6. Calibration pipeline for VIRTIS-H

The calibration of VIRTIS-H spectra is performed in Meudon and is described in detail in [AD 18]. In H
nominal mode, spectral orders are extracted on board from the detector image by summing the intensity
of pixels illuminated through the slit. For each spectral order the central y coordinate corresponding to
a given x coordinate is computed using a second order polynomial in x. The coefficients are computed
with respect to the detector coordinates (438x270) and not with respect to the data cube coordinates
(432x256).

The label keywords VIR_H_START_X_POSITION and VIR_H_START_Y_POSITION indicate the position of
the first pixel to be taken into account. The coefficients of these polynomials are stored in the data file
labels (label keyword VIR_H_PIXEL_MAP_COEF). The 5 pixels centered in y on this pixel are then
summed:

canal = findgen (438) ; 1index vector (0, 1,... 438)

Ycoord = fltarr(8,438)
for 1 = 0, 7 do begin

Ycoord[i,*] = coef[i,0]+ coef[i,1] * canal + coef[i,2] * canal”"2
for x = 0, 431 do $
sum[i,x] = total (image[x, Ycoord(i,x+0.5)-2: Ycoord(i,x+0.5)+2])
endfor

Dead pixels, as identified from the file DEADPIXELMAP.DAT, are not included in the sum. The same
procedure is applied on ground to extract spectra from data transferred in "backup" mode (when
complete detector images are transferred).
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A first order radiometric calibration is used during this mission phase. It consists in subtracting the last
dark current acquired before the data, and in dividing the result by the flat-field and by the integration
time. Non linearity is neglected for the time being.

During observations, dark currents alternate with data acquisitions. In nominal mode, they are

transferred separately from the data to preserve the efficiency of the compression procedure, and are

therefore stored in separated files with related names. Dark currents corresponding to the data are

identified through their SCET, which can be reconstructed from the first 3 values in the qube sideplane:
Escet = qube.suffix(0:2,0,0)

scet= Ulong( Escet (0) )* 2UL ~ 16UL + Ulong( EScet (1) ) S
+ double( EScet(2) ) / 2d ~ 1led

In backup mode, dark currents consist in detector images interleaved in the data file. They are identified
through element 5 in the sideplane (starting from 0):

idark = where ((qube.suffix(5,0,*) and '2000'X) NE 0);
where '2000'X stands for 2000hexa = 8192 decimal

In some instances, dark frames are acquired when the shutter is still partially open. These corrupted
darks are identified manually, and are filtered from the index vector. The regular dark frames are then
interpolated through time. The last dark acquired (subtracted on board) is re-added to the data, and the
interpolated value is subtracted - this corrects the zero-level from temperature fluctuations during
acquisition.

Conversion to physical units is a complicated process which accounts for non-linearity. It is described in
details in [AD 18]. This results in data calibrated in radiance, with unit W/m?/sr/um.

The wavelengths and FWHM in um are carefully fit on the data and convolved with the instrument
function. They are provided in the file Grid-10-09-28.fits and need not be recomputed each time.

Derivation and monitoring of the calibration functions and parameters are described in the document
[AD 18]. Because the procedure is long and requires access to the full ground calibration archive, H
calibrated files are computed in Meudon and are distributed on-line to the science team at:

otarie.obspm.fr / VEx VIRTIS instrument
These files are included in the archive once the calibration procedure is estimated to be accurate enough.
Open issues:

Non-conformities still exist in the EGSE at the time of writing. Two mains consequences are identified,
which will be fixed after the next update of the EGSE:

= Data documentation is performed incorrectly, with the HK parameters shifted relative to the data
in H nominal mode. In the current files, the sideplanes therefore contain HK parameters
transferred during the time interval corresponding to the next set of 64 spectra, i.e. HK in period
t;1 are stored with the data in period to. As a consequence, HK packets transferred during the
acquisition of the first 64-spectra set are not stored in the PDS file because there are no
corresponding data.
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In this version of the archive, the pixel map coefficients may be replaced by a pre-launch version. The
files affected are some of the raw data files in backup mode, and most calibrated files. The correct pixel
map can be found in the labels of raw data files acquired in nominal mode.

2.4. Data Handling Process

Table 2-3 describes the VIRTIS data processing levels as used in this document. The archive contains both
the EDR and RDR (level 2 and 3) data.

Processing Level ID PRODUCT_TYPE Description

(CODMAC level)

1 UDR Raw data that have been separated by instrument and sorted by orbit
number. Contains all TM from VIRTIS (science and housekeeping data).

2 EDR PDS formatted data, including decompressed science data,
housekeeping selection, and geometry data. Science data are still in
DN.

3 RDR Science data calibrated in physical units (radiance) + timing as OBT

5 DDR High level derived product such as compositional maps...

Table 2-3: Data level definition.

All the data products are generated by the VIRTIS team according to the following scheme, summarized
in image.4:

The Pl Institution (INAF - Rome) retrieves the VIRTIS instrument data records (Level 1a data) from
the Rosetta Data Distribution System (RDDS) using the EGSE. Both instrument telemetry and
ancillary data are being stored at the Pl processing facility as they accumulates over the course
of the mission, to provide the capability to reprocess data in case of errors or to accommodate
new information referring to existing data sets. For example, orbit reconstruction for the same
data will improve in several stages over the course of the mission, and it is thus expected that
geometry files will have to be regenerated.

From the instrument data records, the EGSE generates Level 1b data files; the labels are
completed, with the exception of the information that must be extracted from the SPICE files.
Label templates are stored in the EGSE.

Calibrated datasets are prepared in Rome for delivery to Co-Is.

All the data are mirrored to LESIA-Meudon; a copy of the data sets is sent to the ROSETTA ASDC
server, located at ESRIN in Frascati.

At the end of the proprietary period PDS-compliant and validated data sets are delivered to the
ESA Planetary Science Archive by means of the ESA-provided tool PVV that has been installed on
a machine at the PI Institution. The final data delivery to the PSA is done by the PI Institution
(INAF - Rome), that has the responsibility of assembling the data sets in the proper way and of
maintaining all the related documents. A copy of the data set is sent to the ROSETTA ASDC server,
located at ESRIN in Frascati.

After the proprietary period, currently foreseen at 6-month (see [AD 3]), validated, PDS-compliant data
of Level 1b are delivered to the ESA Planetary Science Archive by means of the ESA-provided tool PVV
that has been installed on a machine at the Pl Institution. The final data delivery to the PSA is done by
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the Pl Institution (INAF - Rome), that has the responsibility of assembling the data sets in the proper way
and of maintaining all the related documents.

The responsible of the overall data archiving process is Maria Teresa Capria; the person who actually is
sending data to ESTEC, and using and keeping PVV software is Romolo Politi. Gianrico Filacchione is
working on the calibration of the data and on the preparation of the calibration files; Florence Henry is
responsible for the reconstruction of the observation geometry through the standard SPICE software.
Geometry files are prepared by the LESIA-Meudon team.

TM paquets 1st Spice
+ approx. UTC (ESA DDS) ’ < computation )

Updated PDS files
(correct UTC +

PDS files, first

generation > :
e » geometric keywords)
pre-Level 2 — Level 2 —
Science Reference :
Aclivity Plan / MLs topography / Spice
kernels
Shape model

\PL'
e Spice

computation

Catalogues, Geometry
index files cubes

Calibration files
Ground calibrations
data base

Calibration Scientific
procedures processing

g

Calibrated PDS files
(radiance/reflectance)
— Level 3 —

Derived products
— Level 4 —

Processing Files

Meudon
——— Rome
both

Produced
Input/reference

Figure 2-4: VIRTIS/Rosetta data set generation.

2.5. Overview of Data Products
2.5.1. Pre-Flight Data Products

We have no pre-flight data products to deliver.
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2.5.2. Sub-System Tests

Sub-system tests performed on VIRTIS are useful only for engineering purposes, so the VIRTIS team does
not plan to deliver sub-system test data products, as they would be useless for the analysis and
interpretation of the acquired flight data.

2.5.3. Instrument Calibrations

Calibration runs of the instrument involved the determination of the instrument performance and of ITF
(Instrument Transfer Function). These data are used for the calibration of scientific data and are
processed to produce calibration files that are part of standard data product releases.

2.5.4. Other Files written during Calibration

We have no other file produced during the calibration process.

2.5.5. In-Flight Data Products
VIRTIS flight data products include:

= Level CODMAC 2 data: PDS-formatted raw data in DN, derived from telemetry with
decompression, quality checked, time ordered, and sorted by channel/FPA. This includes both
observations and flight calibrations. File extension is .QUB.

= -Geometry data: PDS-formatted geometry data, providing useful quantities such as coordinates
and viewing angles for all observing sessions on a pixel basis. File extension is .GEO.

= Level CODMAC 3 data: PDS-formatted calibrated data in radiance. File extension is .CAL for
calibrated data.

= VIRTIS-H calibrated data have separated dark qubes which contain only the spectra acquired with
the shutter closed. File extension is .DRK.

2.5.6. Software

All the software needed to access the data is developed and maintained by the VIRTIS team; an IDL
package able to read all PDS VIRTIS data products, and a related document, are being delivered with the
data. The data handling procedure is described in section 2.4. Software used in this procedure have been
developed and maintained jointly for the VIRTIS experiments on board Rosetta and Venus-Expess. The
EGSE software produces the initial PDS files from TM data. It allows monitoring the data flux and
instrument health by looking at all the housekeeping parameters, and also has basic data viewing
capabilities. The EGSE is written in Windows- specific languages and is n