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1

1.1

1.2

1.2.1

1.3

Introduction

Purpose and Scope

The purpose of this EAICD (Experimenter to (Science) Archive Interface Control Document) is
twofold. At first, it provides users of the MIDAS instrument with detailed description of the
product and a description and the methods by which it is generated, including data sources and
destinations. Secondly, it is the official interface between the MIDAS instrument team and the
archiving authority.

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

ESA’s Planetary Science Archive (PSA)

ESA implements an online science archive, the PSA,
e to support 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.

Contents

This document describes the data flow of the MIDAS 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, data and label files. Standards used to generate the product are
explained. Software that may be used to access the product is explained further on.

The design of the data set structure and the data product is given. Examples of these are given
in the appendix.
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1.4 Intended Readership

The staff of the archiving authority (Planetary Science Archive, ESA, RSSD, design team) and
any potential user of the MIDAS data.

1.5 Applicable Documents

[1] Planetary Data System Data Preparation Workbook
February 17, 1995, Version 3.1, JPL D-7669, Part1

[2] Planetary Data System Standards Reference
August 1, 2003, Version 3.6, JPL D-7669, Part 2

[3] ROSETTA Archive Generation, Validation and Transfer Plan
October 6, 2005, Issue 2.2, RO-EST-PL-5011

[4] ROSETTA Experiment Interface Document — Part A
February 1, 2004, Issue 2, Rev. 3, RO-EST-RS-3001/EIDA

[5] ROSETTA - MIDAS Experiment Interface Document — Part B
February 15, 2001, Issue 2d, Rev. 0, RO-EST-RS-3010/EIDB

[6] ROSETTA - Data Delivery Interface Document (DDID)
October 23, 2003, Issue B6, RO-ESC-IF-5003

[71 MIDAS User Manual
February 23, 2004, Issue 2, Rev. 1, MID-IWF-UM-0047

[8] ROSETTA Time Handling
February 28, 2006, Issue 1, Rev. 1, RO-EST-TN-3165

[9] MIDAS Co-ordinate Systems

October 28, 2008, Issue 1.0, MID-IWF-TD-0029
1.6 Relationships to Other Interfaces
N/A

1.7 Acronyms and Abbreviations

AFM Atomic Force Microscope

DAQ Data Acquisition

DDID Data Delivery Interface Document

DDS Data Disposition System

EAICD Experimenter to (Science) Archive Interface Control Document
EGSE Electrical Ground Support Equipment

FM Flight Model

FS Flight Spare Model
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IDL Interactive Data Language

IWF/OAW Space Research Institute of the Austrian Academy of Sciences

JPL Jet Propulsion Laboratory

LVDT Linear Variable Differential Transfomer

MIDAS Micro-Imaging Dust Analysis System

N/A not applicable

NAIF The Navigation and Ancillary Information Facility, JPL/NASA

NASA National Aeronautics and Space Administration

OBT S/C On-board Time (Spacecraft Elapsed Time according to [4])

PDS Planetary Data System

PSA Planetary Science Archive

QM Qualification Model

SCET Spacecraft Event Time (according to [6])

SPM Scanning Probe Microscope

STM Scanning Tunneling Microscopy

TB/TV Thermal Balance/Thermal Vacuum

1.8 Contact Names and Addresses

Klaus Torkar, IWF/OAW, klaus.torkar@oeaw.ac.at, +43 (0)316 4120 531
Harald Jeszenszky, IWF/OAW, harald.jeszenszky@oeaw.ac.at, +43 (0)316 4120 533
Jens Romstedt, ESA/ESTEC, jens.romstedt@esa.int, +31 (0)71 565 5761
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2 Overview of Instrument Design, Data Handling Process and

2.1

2.2

Product Generation

Scientific Objectives

The experiment MIDAS (Micro-Imaging Dust Analysis System) is dedicated to the micro textural
and statistical analysis of cometary dust particles. The instrument is based on the technique of
atomic force microscopy. Under the conditions prevailing at the Rosetta Orbiter this technique
permits textural and other analysis of dust particles to be performed down to a spatial resolution
of 4 nm.

During the rendezvous with the comet MIDAS will provide the following information:
e images of single particles with a spatial resolution of 4 nm,
e statistical evaluation of the patrticles according to size, volume, and shape,
e size distribution of particles ranging from about 4 nm to a few pm,
e shape, volume and topographic structure of individual particles,
e temporal variation of particle fluxes,
e gspatial variation of particle fluxes, and

e measurements on local elastic properties if further studies show that they do not affect
the tip lifetime

During the cruise phase to the comet MIDAS may provide:

e characterization of the dust environment in the vicinity of the asteroids for which a fly-by
is performed

e imaging of impact craters caused by fast interplanetary dust particles, and

e statistical analysis of craters on the exposed surface in terms of particle size and volume

MIDAS will deliver global images, i.e. complete images of the entire scan field, and images of
individual dust particles. The latter are contained in the former, since selected particles are
identified from the global image. These particles are then re-scanned with a much higher
resolution.

Operating Principle

MIDAS is designed to analyse micro dust particles collected in the cometary environment,
irrespective of their electrical conductivity and shape by means of atomic force microscopy. The
size of the particles which can be analysed ranges from about 4 nm to a few um. The dust
collector system includes a shutter mechanism which controls the particle flux onto a wheel
covered with special coating to provide maximum adhesion for the particles. Sixty-one separate
facets at the wheel are available for subsequent exposure to the ambient dust flux. The MIDAS
microscope consists of five functional parts: a one shot cover and a funnel to protect the
aperture on the ground and during launch, the shutter to define the exposure time to the dust
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flux, the robotics system for manipulation of the dust particles, the scanner head, and the
supporting electronics.
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Fig. 2.1 — MIDAS Working Principle

At the heart of the atomic force microscope (AFM) is a very small tip which maps the surface of
the particle. An AFM is capable, in principle, of imaging details down to atomic resolution. In the
simplest case, the tip remains in permanent contact with the surface and follows its height
variations with a control mechanism which keeps a constant force on the tip (contact mode). In a
technically more complex mode, the tip scans the surface while its supporting cantilever vibrates
at one of its natural resonance frequencies. Depending on the amplitude of the oscillation in
dynamic mode, (a) the tip does not come closer to the surface than a few tenths of a nanometre
(non-contact mode) or (b) the tip hits the surface during its sinusoidal oscillation (tapping mode).
In all modes it is essential either to keep the force constant or to measure it accurately in order
to derive an image of the surface.

The tip must move over the surface in a reproducible manner, which can be relatively easily
achieved by piezo electric scanners in three independent directions. The combination of the tip,
supporting cantilever, and piezo-electric actuators is called scanner head. Due to lifetime
requirements, several tips will be employed (16 in total).

Data Handling Process

The data products will be prepared and delivered by IWF/OAW in collaboration with partners
from ESTEC. A list of contact persons, phone numbers and email addresses is given in section
1.8.

All data products are planned to be level 1b and/or level 2 data (PSA processing label)
throughout the whole mission lifetime. Higher level data products will be included in the final
archive volume distribution.
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It is foreseen to use most of the already developed EGSE software modules for data processing.
This software will be adapted to generate the data products from the raw data archive (locally
stored laboratory data as well as DDS data after launch).

Overview of Data Products

The table below shows the data products which are intended to be archived. A detailed
description of the different data types follows.

Data Type Type Mnemonic | PDS Data Type
Housekeeping Data (Standard, Extended) HK1, HK2 TABLE
Frequency Scan Data FSC SERIES
Single Point Approach Data (Control Data) SPA TABLE
Single Point Sampling Data (High Resolution Data) | SPS SERIES
Line Scan Data LIN TABLE
Image Scan Data IMG IMAGE
Feature Vector Data (Regions Of Interest) ROI TABLE
Event Data EVN TABLE
Cantilever Utilisation History CAH TABLE
Target Utilisation History TGH TABLE

Table 2.1 — MIDAS Archive Data Products

Housekeeping Data

MIDAS generates two types of housekeeping data:

e The standard housekeeping report contains basic information and reflects the “general
condition” of the instrument (e.g. voltage monitors, temperatures).

e The much larger extended housekeeping report includes the status of the instrument
sub-systems (e.g. linear stage, approach) and all parameters related to the science
operations.

Typical data cadences are 4 seconds for the standard HK report and 8 seconds for the extended
HK report for laboratory generated data. The individual data rates can be changed via
telecommand and will be much lower during normal flight operations.

Frequency Scan Data

In order to set the operating point (excitation frequency) for a certain cantilever (tip), the
resonance frequency has to be determined. This is achieved by performing a frequency sweep
in a commanded frequency range. The operating point is set relative to the detected resonance
amplitude. A frequency scan produces up to 8 data packets (depending of the commanded
frequency range and resolution) of 256 data acquisition points each.
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The frequency scan is performed
e every time approaching the surface,
e whenever a new tip is selected, or

e during long-lasting (dynamic) scans when re-adjustment of the frequency is required.

The cantilevers (tips) are numbered from 1 to 16 and are addressable by 2 blocks of 8
cantilevers each (physically the cantilevers are structured into four cantilever arrays):

i o Cantilever selection
Tip # Description
Block # Cantilever #
1-4 Cantilever array #1 1 1-4
5-8 Cantilever array #2 1 5-8
9-12 Cantilever array #3 2 1-4
13-16 | Cantilever array #4 (cobalt coated) 2 5-8

Tip, cantilever block and cantilever number are also present in the extended housekeeping data
product. Please note that the cantilever number ranges from 0 to 7 in this data product.

Single Point Approach Data

The MIDAS instrument software is capable of monitoring selected data acquisition process
parameters (cantilever AC, DC and phase signal; Z set value) simultaneously in a single scan
position. This feature can be enabled or disabled when performing a line scan and is not
available for the full image scan. The associated data packet contains the last 256 processed
parameter values before the measurement reading is recorded. During a line scan, 32 uniformly
distributed positions are monitored. The parameter MAIN_SCAN_CNT indicates the pixel
number within the line where the approach vector has been recorded.

Single Point Sampling Data

The data acquisition monitoring structure is also used for a more complex instrument mode.
This “high resolution” scanning mode allows the sampling of the above-mentioned parameters
with a frequency of up to 700 samples per second. The scanner head remains in the same X/Y
position when taking the data samples (STEP_SIZE parameter is 0). Thus the Single Point
Sampling data product corresponds to a single point located on the target surface.

By getting into contact with the surface (static or DC mode), the cantilever DC signal can be
used to measure micro-vibrations with a maximum frequency of 350 Hz. This mode is frequently
used during the pointing and interference scenario.

In order to detect possible micro-vibrations, a Fast Fourier Transform (FFT) has to be applied to
the DC sample vector. Analysis of the resulting frequency spectrum will give an indication
(spectral lines with higher amplitude) on micro-vibrations.

Line Scan Data

Additionally to the full image scan, MIDAS is able to scan single lines in either X or Y direction.
The line scan values have two different meanings depending on the commanded scanning
mode:
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e In dynamic or contact mode the Z piezo set values at the surface are stored in the line
scan.

e In magnetic mode the differences of the cantilever AC signals at the surface and at a
given distance from the surface are recorded.

The size of a line scan is a multiple of 32, ranging from 32 to a maximum of 512 DAQ points.

Image Scan Data

The image scan is the key operation of the instrument MIDAS. The on-board image memory of 1
MB can hold a maximum of 8 standard images (256x256 pixel / 1 DAQ channel = 128 kB). The
image dimensions are multiples of 32 pixels, ranging from 32 to a maximum of 512 DAQ points.

During a single image scan up to 8 data channels can be measured in parallel. At the present
time 14 data channels are available (the value in curly braces gives the calibration curve number
as defined in the calibration table MIDCALIB.TAB defined in chapter 3.4.2.2):

e [zS] Zpiezo set value (this is the default channel for all scanning modes) {40}
e [AcC] Cantilever AC signal at surface (required for magnetic mode) {3}

e [AR] Cantilever AC signal at retracted position (required for magnetic mode) {3}
e [PH] Cantilever Phase signal {13}

e [DC] Cantilever DC signal {3}

e [XV,YV,ZV] X, Y, Zpiezo high voltage monitor {8}

e [XP,YP,ZP] X,Y,Zpiezo position (measured) {3}

e [XE,YE,ZE] X,Y,Zpiezo offset error (control loop deviation between set value and
measured value) {3}

If more than one data channel is selected for a scan, the software generates a separate image
for every channel.

Feature Vector Data

Another facet of the instrument software is the calculation of so-called “feature vectors” for an
already acquired image. These vectors are providing statistical information (10 parameters in
total) of features found in the image, for example area or volume. The features are selected
dependent on a number of commandable criteria. By weighting the selection criteria, it is
possible to determine a feature which suits best the given requirements. The coordinates of the
determined feature can then be used to automatically zoom-in into the underlying image.

A maximum of 1024 feature vectors can be stored for a single image. The vectors are packed
into statistical data packets containing 64 vectors each.

Event Data

Every task (e.g. mechanical sub-system movement, scan, image processing) running on the
instrument has associated a number of events providing information about the status of the task
(started, finished, aborted, ...). In order to keep track of the task execution, the events will also
be part of the MIDAS data archive.

A list of events is given in the MIDAS User Manual in section 2.3.3.1 “TM data packet overview”.
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Cantilever Utilisation History Data

The MIDAS scanner head holds 16 different cantilevers (tips) mainly for redundancy purposes,
and four of these tips are coated with magnetic material and may be used for magnetic mode
scans. For the interpretation of the AFM images it is necessary to know the history of the tip
which has been used for the image acquisition. A list of operating times and associated
scanning parameters (scanning mode, excitation level, ...) will be stored for each cantilever.

The cantilever history files are cumulative, containing the data from the start of the mission up to
and including the mission phase represented in a dataset.

Target Utilisation History Data

For each of the 64 scanning targets (facets) including the three calibration targets a list of events
concerning the target will be maintained and stored in the archive. Dedicated information like the
dust flux during exposure recorded by GIADA or the scanning tip number will be stored in this
table.

The targets are numbered from 1 to 64 and each target is subdivided into 16 addressable
segments (or scan bands). This results in a total number of 1024 addressable target segments.
The segments are numbered from 0 to 1023 whereas segment 0 refers to the centre of target 1:

Target # | Description Addressed by segment #

Min Centre Max

1 Dust collector facet 1017 0 7

2 TGZ02 — Z calibration (106 nm height) 9 16 23

3 TGX01 — used for X/Y calibration 25 32 39

4 TGTO01 — X/Y calibration and tip imaging 41 48 55

5 Dust collector facet 57 64 71

64 Dust collector facet 1001 1008 1015

The target history files are cumulative, containing the data from the start of the mission up to and
including the mission phase represented in a dataset.

2.4.1 Pre-Flight Data Products

MIDAS will provide laboratory data from the TB/TV acceptance tests of the FM. Since the
generation of the feature vectors was not implemented in the instrument S/W at that time, it is
also intended to create a data set from dedicated FS or QM tests.

2.4.2 Sub-System Tests
A series of micro-vibration tests were performed on the QM.

2.4.3 Instrument Calibrations
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X/Y/Z Calibration

The X-, Y- and Z-sensors of the MIDAS instrument are calibrated by means of three reference
grids which are mounted on the target wheel. These reference grids are scanned on a more or
less regular basis in order to re-calibrate the scanner head:

e TGXO01 — used for X/Y calibration

Llpm* Ed,
The silicon calibration grating of the TGX series E ——/ /\S/
is a chessboard-like array of square pillars with
sharp undercut edges formed by (110) / /
crystallographic planes of silicon. 30 pm

e TGZ02 — Z calibration (106 nm height)

Calibration gratings of the TGZ series are 1-D
arrays of rectangular SiO, steps on a Si wafer.
The structure is coated by SisN, to prevent Si
from oxidation. The step height value is
calibrated over the whole active area. 3.0 um

]
2.5
Z°g
W =

e TGTO1 — X/Y calibration and tip imaging

The silicon calibration grating of the TGTO1
series is an array of sharp tips, characterized by
strict symmetry of tip sides, small cone angle
(less than 20 degrees) and small curvature
radius of the tips (less than 10 nm) over the
whole active area.

The archive will presumably contain calibration data for:

e Z piezo position as a function of the Z strain gauge monitor and the Z piezo high voltage
in [nm]

e X/Y piezo position as a function of the X/Y capacitive sensor voltage and the X/Y piezo
high voltage in [nm]

e Tip position as a function of the linear stage LVDT monitor in [um]

e HK parameter conversion from raw to physical values
2.4.4 Other Files written during Calibration

Numerous reference measurements with commercial AFM’s (Zeiss, Park) have been
performed. The resultant image database is used as reference for the analysis and interpretation
of MIDAS generated images.

2.4.5 In-Flight Data Products

A list of data products as well as a detailed description is already provided at the beginning of
section 2.4.
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The data products are planned to be level 1b and/or level 2 data (PSA processing label)
throughout the whole mission lifetime. Higher level data products are likely to be included in the
final archive volume distribution.

2.4.6 Software

MIDAS Data Archiver

The MIDAS data archiving software is a graphical user interface written in IDL and is used to
prepare the MIDAS archive data sets to be delivered to the PSA.

#l MIDAS Data archiver - D= Projekte’Midas’, Archiving’,mid_dav'RO-X-MIC o ]

File ©Options Help

Add Data Source. . D:AD atentMidas\Mission\PC3% | TLM_" 17%7.dat, 0,1 ,1.0
D:MD atentiidas\Mission\PCAS | TLM_*_17%?.dat . 0,1,1.0
Remove Data Source D:ADaten\Midaz\MizzsionPCES | TLM_* 179?.dat, 0.1 .1.0

Remove All Sources

DAaTa_SET_DESCID FC3-5
DATA_SET_DESC_MAME |PC3-&

kISSION_PHASE MARS SWING-BY  MARS ; 2006-07-29 ; 2007-05-28 j
MISSION_TARGET CHECKOUT ; W& ; CHECE ;¥ j
PRODUCT_YERSION_ID 1.0

WOLUME_DESC Payload Checkout 3-5 Data

General Keyword Settings

WOLUME_START_TIME ZO0E-08-26T17:00: 00
WOLUME_STOP_TIME Z007-05-23T15:00:00

DATA_QUALITY 2 :Data ok, =]
INSTRUMENT_MODE MORMAL ; Data generated by 5% stored in on-board EEPROM. j
DAT& SET_ID RO-X-MIDAS-3-MARS-PC3-5-V1.0
DATA_SET_MAKME EOSETTA-OREITER CHECE MIDAS 3 MARS PC3I-5 V1.0
Thiz dataset includes MIDAS data from the payload checkouts #2 to $5: -
Scenaria io Date (TYDDDHH) Observation description
[iatagzet Summany
PC3 (passiwve] 1 O&Z3817-0623820 MIDAS passive CF0 part A
Z 06z4z2le-0624219 MIDAS passive CJS0 part E
< _>I_|
On-board Time Carrelation " Ground [1.1.1970) € TimePkis % SPICE Offset [s] >IU < [prezs RETURM ta apply changes]
Show Frame List... | 40 file[s] and 75322 frame(z] selected.
Create Data Set... | ¥ EvM W FSC I Hel W HE2 v IMG B LIN ¥ ROl ¥ 5P& W SPS Browse. .. |
PS4 Yolume Verifier scan | index | werify | version ||_ Warmings | Infos  Stop after enorﬂ>|5|:|
FLS Tool: Package ddict | kuwtool | lwtool |

Fig. 2.2 — MIDAS Data Archiving S/W

Key features of the archiving software are:
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e Data sets are created directly from the MIDAS raw data archive by means of data set
templates which are completed during data processing.

e The S/W is capable of managing so called “data set profiles” in order to ease re-
production of entire data sets.

e A number of label verification tools (PVV, NASA PDS tools) are already integrated into
the archiving software. This allows the user to validate the data sets immediately after
generation.

MIDAS Data Set Browser

This software is used to display and validate the contents of an entire MIDAS archive data set
interactively. The software is entirely written in IDL and the source code is included in the data
sets. A detailed description of the software is provided in section 5.

2.4.7 Documentation

The following documents will be included in the MIDAS archive “doc” directory (TBC):
e MIDAS User Manual
e MIDAS Operations Manual (not before comet phase)
e MIDAS EAICD
e MIDAS Coordinates Systems (to be completed)
e MIDAS instrument paper as presented in the Space Science Review (2007)

These documents are converted to ASCII format. It is planned to store the associated drawings
as “Portable Network Graphic” (PNG) files.

PDF versions of the listed documents will also be included in the DOCUMENT directory.
2.4.8 Derived and other Data Products

N/A
2.4.9 Ancillary Data Usage

N/A
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3 Archive Format and Content
3.1 Format and Conventions

3.1.1 Deliveries and Archive Volume Format

The logical archive volumes will contain one data set per volume. Up to now, three basic types
of logical archive volumes are planned:

e Selected laboratory data
e Checkout data generated during flight (cruise phase)

e Data acquired in the close comet environment (cometary phase)

3.1.2 Data Set ID Formation

The MIDAS data set identifiers are defined as follows (see archive plan [3]):
e “RO-{target ID}-MIDAS-{level}-{phase}-{description}-vx.y”

{targetID} ={c, A, E, M, CAL, X, D, SS, C}

{level} = processing level = {3, 5}

{phase} = mission phase = {GRND, CVP, CR1l, ..}

{description} = free character string containing only A-z, 0-9 (e.g. TV)
3.1.3 Data Set Name Formation

The MIDAS data set names are defined as follows (see archive plan [3]):
e “ROSETTA-ORBITER {target name} MIDAS {level} {phase} {description} vx.y”
{target name} = {6 7P, STEINS, LUTETIA, ..}
{level} = processing level = {3, 5}
{phase} = mission phase = {GRND, CVP, CR1l, ..}

{description} = free character string containing -z, 0-9, - (e.g. TV-TEST)
3.1.4 Data Directory Naming Convention

For all data sets the data directory is structured as follows:
e /DATA[/{datatype}]/file(s)
{data type} = {HK1, HK2, FSC, SPA, SPS, LIN, IMG, ROI, EVN}

Cantilever and target history files (CAH, TGH) are stored in the data directory root.
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3.1.5 Filenaming Convention

The following file naming scheme will be used for all data sets (the “extra” field is optional and
depends on the data type):

e [data type}_{start}_{stop}[_{extra}].{ext}
{data type} = {HK1, HK2, FSC, SPA, SPS, LIN, IMG, ROI, EVN, CAH, TGH}
{start} = begin of observation rounded to nearest hour, format = yydddhh
{stop} = end of observation rounded to nearest hour, format = yydddhh

{extra} = more specific information about the file content:

data type extra information possible values field format

HIKI, HK2, not used

EVN

FSC. SPA sequence counter [nnn] 001..999

SPS: LIN | tip number [tt] 01..16 ann-tt
sequence counter [nnn] 001..999

IMG DAQ channel [dd] ggi Q\C]: é\P;: EZ)S: o dd

XP, YP, 7P, XE,
YE, ZE, AD’

sequence counter [nnn] 001..999
ROI nnn_ff
facet number [££] 01..64
CAH tip number [tt] 01..16 tt
TGH facet number [££] 01..64 ff

’ A description of the DAQ channels is given in section 2.4 (Image Scan Data). AD is a
derived signal used for line scans (= AR — AC).

{ext} = depends on the data type (e.g. IMG for images, DAT/TAB for binary/ASCI| tables)

3.2 Standards Used in Data Product Generation

3.2.1 PDS Standards
The MIDAS archive is based on the PDS Standard version 3.6 released in August 2003.

3.2.2 Time Standards

All MIDAS timing information of archive data products that are mapped to binary tables (e.g.
housekeeping data telemetry packets), is given in the Spacecraft Elapsed Time (referred to as
OBT to prevent confusion with the SCET defined in the DDID) format as defined in [4], section
2.7. The format used to represent the OBT is 4 bytes of unit seconds followed by 2 bytes of
fractional seconds and is stored in the TM packet data field header. The OBT is set to zero at
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00:00:00 UTC on 1 Jan 2003. The instrument is synchronised with the S/C OBT on a regular
basis (typically every 30 minutes). In order to convert the OBT to UTC the NAIF SPICE software
library is used. A more detailed description of the ROSETTA time standards is given in [8].

For representing UTC time values in archive data products represented by ASCII tables (e.g.
cantilever history data), the ASCII Time Code A format, defined by the Consultative Committee
for Space Data Systems (CCSDS) is used. The ASCII Time Code A is a 24 character string of
the format “YYYY-MM-DDThh:mm:ss.dddZ”. According to the archive plan the trailing “Z” is
omitted and no quotes are used

In ground based data sets the OBT reference is 00:00:00 UTC on 1 Jan 1970. Since the S/C
clock is not defined for ground based data, there is no relationship between the
SPACECRAFT_CLOCK_START/STOP_COUNT keywords (set to “N/A”) and the
START/STOP_TIME keywords (representing UTC) in the data labels. This has been taken into
account by adding the NATIVE_START/STOP_TIME keywords to the data labels. The native
start/stop time is given in seconds since 00:00:00 UTC on 1 Jan 1970 with leap seconds not
taken into account (also referred to as UNIX time).

3.2.3 Reference Systems

MIDAS Coordinate Systems
The following reference systems are dedicated to the instrument MIDAS:

e Unit Reference Frame: The basic co-ordinate system to be used for MIDAS at
instrument level.

e AFM Reference Frame: The ARF system is used in the context of scanner operations
and is fixed to the frame of the scanner table.

e Target Reference Frame: Defines the co-ordinate system on any individual target area
(or facet) on the collector.

A detailed description of the MIDAS X/Y/Z reference systems can be found in the MIDAS Co-
ordinate Systems document [9].

J2000 System

The Earth Mean Equator and Equinox of Julian Date 2451545.0 (referred to as the J2000
system) is the standard inertial reference frame. Some of the geometry keywords given in the
data labels are expressed in J2000 coordinates (e.g. SC_SUN_POSITION_VECTOR).

3.2.4 Other Applicable Standards

In order to represent and store the images in the MIDAS archive, the raw data images are
converted to BCR. The BCR-STM file format has been developed for easy exchange of SPM
files independent of the instruments used (see http://www.imagemet.com/WebHelp/spip.htm).

The header is 2048 bytes long and written in ASCII characters, which can be edited by a text
editor. The first line identifies the format and should be:

e fileformat = bcrstm
Additional parameters are defined as follows:
e xpixels and ypixels defines the number of pixels in the image

¢ xlength and ylength defines the scanning range in nm
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e xunit, yunit and zunit units for the three axes (if not defined nm will be the default unit)
e current defines the tunneling current in nA (optional)

e bias defines the bias voltage in V (optional)

e starttime defines the starting time of the scanning (DD MM YY hh:mm:ss:hh) (optional)
e scanspeed is measured in nm/sec (optional)

e intelmode = 1 indicates that the data is written in little-endian 16-bit integers (LSB first;
e.g. Intel x86 processors)

e intelmode = 0 indicates hat the data is written in big-endian 16-bit integers (MSB first;
e.g. Motorola 6800 processors)

e bit2nm is the scale factor for scaling the integer height data to nm
e xoffset and yoffset defines physical offset in nm (optional)

e voidpixels defines the number of void pixels (if the field is not present the number is set
to zero; should be set equal to 32767.

Comments can be written by starting the line with the characters ‘%’ or ‘#’.
It is possible to integrate new parameters as long the header size does not exceed 2048 bytes.

The body of the BCR file contains xpixels*ypixels 16 bit integer data values.

3.3 Data Validation

The following tools are used in order to validate the generated MIDAS data sets:
PSA Volume Verifier (PVV)

The PVV is a tool constructed by the PSA team to allow instrument teams from all of ESA’s
planetary missions to check their datasets before they are delivered to the PSA database for
ingestion into the long-term archive. The tool allows a user to verify PDS compliance of a label,
and validates all aspects of the data set structure / content prior to delivery to the PSA. The PVV
is systematically used by the PSA team to check data sets as part of the ingestion process to the
Planetary Science Archive (PSA).

NASA PDS Tools

The PDS Tools Package is the complete set of PDS Engineering Node supported tools. The
following tools of the package are used:

e ddict - Extracts the data dictionary definition for every keyword used in a specified PDS
label file, a specified list of PDS label Files, all of the labels in a directory, or all of the
files on an entire volume. DDICT also lists those keywords that are not in the dictionary.

e kwvtool - This software creates a list of all keywords and their values found in a PDS
label file or in a group of PDS label files.

e line - The LINE program analyzes each line in each file and reports on the status of
certain PDS standards and the value associated with some of the PDS keywords.

e lvtool - This software checks PDS labels for compliance with the labeling standards
established by the PDS for data product labels.

e NASAView - This program allows the user to display and examine PDS archive data
products interactively.
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e table_check - The table checker program is a tool that checks PDS labels and its
corresponding data files. It parses a label, checks for label and data errors (BINARY or
ASCII files), and reports and summarizes its findings.

e tbtool - The PDS Table Browser is a utility for validating, browsing, and summarizing
data that is organized by rows and columns and is described by a PDS label file.

MIDAS Data Set Browser

This software is used to display and validate the contents of an entire MIDAS archive data set
interactively. The software is entirely written in IDL and the source code files are included in the
DOCUMENT directory of the data sets (see chapter 5).
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3.4 Content

The MIDAS archive will contain data from important laboratory measurements, instrument
checkout data generated in the interplanetary cruise phase and instrument data acquired in the
close comet environment, as well as derived or merged instrument data e.g. the cantilever
utilisation history or the target exposure history.

3.4.1 Volume Set/ Data Set

The Rosetta archive is an online archive, where the data are delivered electronically. Thus there
is no need to bundle several data sets into one volume, and one data set corresponds to one
volume. A data set will include the data products as well as the secondary data, software and
documentation that completely document and support the use of these data products. In
general, the data products from the different instruments are contained in separate data sets,
but merged data sets are possible. Data sets may include data products from one or more
mission phases. Data products of different data processing levels are contained in separate data
sefts.

3.4.2 Directories

The top-level structure of the ROOT directory of a typical MIDAS data archive volume (= data
set) corresponds to chapter 19 of the PDS Standards Reference [AD2] and is summarised
below:

3.4.2.1 Root Directory

AAREADME.TXT: This file describes the volume (= data set) as a whole. It gives an overview of
the contents and organisation of the data set, general instructions for its use and contact
information.

VOLDESC.CAT: This file contains the VOLUME object, which gives a high-level description of
the contents of the volume (= data set).

ERRATA.TXT: This file describes errors and/or anomalies found in this and previous volumes (=
data sets). As erroneous data sets should be corrected and delivered again, there is no need for
this file.

3.4.2.2 Calibration Directory

This directory contains the calibration files used in the processing of the raw data or needed to
use the data products in the volume (= data set).

CALINFO.TXT: Description of the contents of the CALIB directory.
MIDCALIB.LBL: PDS label associated to the standard MIDAS calibration table.
MIDCALIB.TAB: Standard MIDAS calibration table in PDS ASCII format.
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The following table shows the standard calibration curves used for MIDAS housekeeping and
science data calibration:

Reference | Calibration | Calibration Unit | Description
# Offset Factor
1 0.0 1.0 One to one conversion
2 -10.0 4.884005E-03 \ 12 bit DAC set value [-10..10 V]
3 0.0 3.051804E-04 \ 16 bit ADC data [-10..10 V]
4 -10.0 3.051804E-04 \Y 16 bit DAC set value [-10..10 V]
5 -273.0 1.142998E-02 | degC | Temperature [-273..101.52 °C]
6 0.0 9.155413E-04 \ +15 voltage monitor [-30..30 V]
7 0.0 9.155413E-04 \Y -15 voltage monitor [-30..30 V]
8 100.0 1.220722E-03 \Y Piezo HV voltage monitor [-20..200 V]
9 0.0 1.0 um Linear position set value [0..65535 um]
10 0.0 0.1 um | XY stage positioning [0..6553.5 um]
11 0.0 2.136263E-01 nm XYZ position monitor [0..14000 nm]
12 21 0 420 us [P2L1If27gse2n4e9r$t8;]pulse width
13 0.0 5.493248E-03 | deg | Cantilever phase signal [-180..180 deg]
14 0.0 1.525902E-03 Y% F-scan operating variables [0..100 %]
15 0.0 4.577034E+01 Hz Frequency high word [0..2999.56 kHz]
16 0.0 6.984E-04 Hz Frequency step/low word [0..45.77 Hz]
17 0.0 1.0 sec | Time in seconds [0..65535]
22 -0.065904 0.010293 A MIDAS LCL 6A current
23 -0.071692 0.010242 A MIDAS LCL 6B current
24 -1.845312 0.288204 W MIDAS LCL 6A power
25 -2.007376 0.286776 W MIDAS LCL 6B power
30 0.0 1.0 Bit pattern for image types
31 800.0 -2.71276E-02 um Approach LVDT position
32 15.0 5.086418E-04 | mm | Linear stage LVDT position
33 0.0 3.051804E-04 % F-scan operating point [-100..100 %]
34 0.0 6.103609E-05 Feature vector weight factor [0..4]
35 0.0 1.525902E-05 Linear regression x/y factor
40 0.0 0.164 nm Z DAC set value (closed loop)
41 0.0 3.814 nm | X DAC set value (open loop = default)
42 0.0 1.389 nm X DAC set value (closed loop)
43 0.0 3.814 nm | Y DAC set value (open loop = default)
44 0.0 1.389 nm Y DAC set value (closed loop)
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3.4.2.3 Catalog Directory

This directory contains the catalog object files for the entire volume (= data set):
CATINFO.TXT: Description of the contents of the CATALOG directory.
MISSION.CAT: PDS mission catalog information about the Rosetta mission; provided by ESA.

INSTHOST.CAT: PDS instrument host catalog information about the Rosetta spacecraft and the
mounting relationship of the instruments within the spacecraft; provided by ESA.

INST.CAT: PDS instrument catalog information about the MIDAS instrument (likely to be the
same in all deliveries, unless updates are needed).

DATASET.CAT: PDS data set catalog information about the data set currently being submitted.

REF.CAT: PDS reference catalog information about the every journal article, book or other
published reference mentioned in the above catalog objects or their components.

SOFTWARE.CAT: PDS software catalog information about the software submitted in the data
set.

TARGET.CAT: PDS target catalog information about the observation target, i.e. comet, asteroid,
Earth or Mars; provided by ESA.

PERSON.CAT: PDS personnel catalog information about the MIDAS instrument team
responsible for generating the data products.

3.4.2.4 Index Directory

This directory contains the index files summarising all data products in the volume (= data set)
by mode, key instrument parameters or mission phase, and organised to facilitate finding the
data of interest for a particular scientific question. Information about the observation geometry of
the data products are also included here, i.e. spacecraft position and attitude, illumination
conditions etc. Information that is not accurately known at the time of delivery and thus will
probably be updated later is stored in the index files rather than in the data product labels.

INDXINFO.TXT: Description of the contents of the INDEX directory.

3.4.2.4.1 Dataset Index File, index.lbl and index.tab

INDEX.LBL: Detached label for the index table INDEX.TAB. The INDEX_TABLE specific object
is used to identify and describe the columns of the index table.

INDEX.TAB: Index of the data set in tabular format.

3.4.2.4.2 Geometric Index File, geoindex.lbl and geoindex.tab

GEOINDEX.LBL: Detached label for the index table GEOINDEX.TAB. The INDEX TABLE
specific object is used to identify and describe the columns of the geometry index table.

GEOINDEX.TAB: Geometry index of the data set in tabular format.
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3.4.2.4.3 Other Index Files
None

3.4.2.5 Software Directory

This directory will not be provided in the data sets. Nevertheless, the source codes (IDL
routines) No software will be provided in thThe directory contains software for data calibration,
visualisation and analysis. The software (mainly IDL routines) is provided as source code.

SOFTINFO.TXT : Description of the contents of the SOFTWARE directory.

3.4.2.6 Label Directory

This directory contains PDS labels and includes files (referenced by a pointer in a PDS label)
that are not packaged with the data products or in the data directory. For example, the format
descriptions (columns) of the standard and extended housekeeping data products are located in
this directory.

LABINFO.TXT : Description of the contents of the LABEL directory.

3.4.2.7 Document Directory

This directory provides documentation and supplementary and ancillary information to assist in
understanding and using the data products in the volume (= data set). The documentation
describes the MIDAS instrument as well as the MIDAS data sets and calibration. The MIDAS
EAICD is included. According to the PDS standards the documents are present in ASCII format
to ensure long-term readability. Document versions in PDF format are also provided in this
directory.

DOCINFO.TXT : Description of the contents of the DOCUMENT directory.

3.4.2.8 Extras Directory

This directory will not be provided in the data sets.

3.4.2.9 Data Directory

This directory contains the actual data such as images or tables. PDS labelled data files or data
files with detached PDS label files are arranged in a logical subdirectory structure (see section
3.1.4, Data Directory Naming Convention). Format specifications referred to in PDS labels are
provided in the LABEL directory.

3.4.2.10 Browse, Geometry and Gazetter Directory

These directories are not provided in the data sets.
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4 Detailed Interface Specifications
4.1 Structure and Organization Overview

4.1.1 Data Processing Diagram

The diagram below shows the MIDAS archive data set production principle:

< MIDAS data set production >

MIDAS Setup v .
ansazrnie | === b [ o raw O osomn e
(DDS data) : data source(s) TLM_0510911_0510918_* DAT
| v
_______ ,1|._ _ Define global e.g. volume start and stop time,
¢ | data set attributes mission phase name and target, ...
I
) I
Data set profile |
I_ q Processing v
| - Create empt creates data set directory structure
e > Ply and ingests data independent files
data set
(e.g. VOLDESC.CAT, format files, ...)
ROSETTA #
SPICE kernel ———— P -
data pool ( For each session T
¢ ingests data labels and files for each
Ingest data session within the selected raw data
. files (session = set of raw data files
MIDAS archive ; ;
data set templates ———— P # belonging to the same observation)
L End of loop J
I
I
|
Y Validation
MIDAS archive | > Cleanup removes unused format files and
data set data set labels as well as empty directories
A !
| Validate data validation with several tools
| data set (e.g. PVV, NASA PDS Tools, ...)
h 4

e
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4.1.2 Data Product Preparation

The preparation of the different data products is carried out in two different ways, depending on
the data type:

e Plain TM packet copy: The archive data files are generated from the plain DDS raw
data telemetry packets with the DDS header removed (e.g. housekeeping data files).

e Derived data products: At least one additional processing step is required in order to
generate the data files (e.g. image data files).

The following table gives an overview of the MIDAS data products and the associated type of
data preparation (session = set of raw data files belonging to the same observation and/or time

range):
Data Type Mnemonic | Data Processing Table Type
Housekeeping Data HK1, HK2 | plain TM copy; one file per session | BINARY
Frequency Scan Data FSC plain TM copy; one file per scan BINARY
Single Point Approach Data | SPA plain TM copy; one file per approach | BINARY
Single Point Sampling Data | SPS plain TM copy; one file per scan BINARY
Line Scan Data LIN plain TM copy; one file per line BINARY
Image Scan Data IMG converted to BCR format; one file BINARY
per image and image data type
Feature Vector Data ROI plain TM copy; one file per task BINARY
Event Data EVN converted to ASCII; one file per ASCII
session
Cantilever Utilisation History | CAH extracted from cumulative cantilever | ASCII
history file; one file per data set
Target Utilisation History TGH extracted from cumulative target ASCII
history file; one file per data set
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4.2 Data Sets, Definition and Content

4.2.1 Data Set Production

According to the ROSETTA Archive Plan there is one separate data set per each mission phase
in the pre-cometary phase. The PDS formatted MIDAS data archives are delivered at the latest 6
months after the end of the single mission phases.

After arriving at the comet, a continuous data flow is anticipated (mission phases approach,
Lander delivery and relay, escort, extended mission), and the PDS formatted MIDAS data sets
are delivered in 3-month intervals. The last proprietary, validation and archive preparation period
of 6 months starts at the end of the Rosetta mission.

The following data sets are provided up to and including the Lutetia fly-by mission phase (as

defined in the ROSETTA Mission Calendar):

Mission Phase Start Date | End Date Date Set ID

GROUND 2000-01-01 | 2004-03-01 | data set selection ongoing

LAUNCH 2004-03-02 | 2004-03-04 | no data

COMMISSIONING oo aa02 | 200a959% | RO-CAL-MIDAS-3-GVP-FULL-V1.0
CRUISE 1 2004-06-07 | 2004-09-05 | no data

EARTH SWING-BY 1 2004-10-17 | 2005-04-04 | RO-X-MIDAS-3-EAR1-PCO0-V1.0
CRUISE 2 2005-04-05 | 2006-07-28 | RO-X-MIDAS-3-CR2-PC1-2-V1.0
MARS SWING-BY 2006-07-29 | 2007-05-28 | RO-X-MIDAS-3-MARS-PC3-5-V1.0
CRUISE 3 2007-05-29 | 2007-09-12 | no data

EARTH SWING-BY 2 2007-09-13 | 2007-12-13 | RO-X-MIDAS-3-EAR2-PC6-V1.0
CRUISE 4-1 2007-12-14 | 2008-07-04 | RO-X-MIDAS-3-CR4A-PC7-V1.0
STEINS FLY-BY 2008-07-05 | 2008-11-05 | RO-X-MIDAS-3-AST1-PC8-V1.0
CRUISE 4-2 2008-11-06 | 2009-09-12 | RO-X-MIDAS-3-CR4B-PC9-V1.0
EARTH SWING-BY 3 2009-09-13 | 2009-12-13 | RO-X-MIDAS-3-EAR3-PC10-11-V1.0
CRUISE 5 2009-12-14 | 2010-05-09 | no data

LUTETIA FLY-BY 2010-05-10 | 2010-09-10 | RO-X-MIDAS-3-AST2-PC12-13-V1.0

4.2.2 Instrument Mode Definition

The MIDAS operational concept is based on tasks, rather than on modes. In order to perform a
scientific observation, several tasks are executed one after the other. Therefore it is not very
meaningful to describe a full observation (from instrument switch-on to switch-off) with a single
mode identifier. Nevertheless, two rudimental instrument “modes” have been identified:
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INSTRUMENT_MODE_ID | INSTRUMENT_MODE_DESC
NORMAL Data generated by S/W stored in on-board EEPROM.
MODIFIED_NORMAL Data generated by temporarily patched on-board S/W.

4.2.3 Data Quality Definition

The following table lists the data quality identifiers and data quality descriptions used in the
MIDAS data labels:

DATA_QUALITY_ID DATA_QUALITY_DESC
-1 Data quality information is not supplied.
0 Bad data.
1 Use with caution.
2 Data ok.

4.2.4 Geometry Information

The following geometry keywords are used in the MIDAS data labels:

Geometry Keyword Comment

SC_SUN_POSITION_VECTOR “N/A” for ground based data sets.
SC_TARGET_POSITION_VECTOR | “N/A” for ground based data sets.
SC_TARGET_VELOCITY_VECTOR | “N/A” for ground based data sets.
SPACECRAFT_ALTITUDE “N/A” for ground based and pre-comet data sets.
SUB_SPACECRAFT_LATITUDE “N/A” for ground based and pre-comet data sets.
SUB_SPACECRAFT_LONGITUDE | “N/A” for ground based and pre-comet data sets.
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4.2.5 Mission Specific Keywords

The following mission specific keywords (namespace ROSETTA) are used in the MIDAS data

labels:

Mission Specific Keyword Data Values Description
Selected scan cantilever. For a
description of the relationship
MIDAS_TIP_NUMBER 1..16 between tip number and linear
stage position see [9], chapter
4.2.2.
Selected scan target. The
correlation between target number
MIDAS TARGET_NUMBER 1..64 and segment number is described
in chapter 2.4, “Target Utilisation
History”.
“CALIBRATION” Type of scan target. PLAIN
MIDAS_TARGET_TYPE “PLAIN SILICON” SILICON and SOLGEL COATED
“SOLGEL COATED” facets are used for dust collection.
Name of scan target. TGZ02,
“TGZ02” TGX01 and TGTO1 are used for
“TGX01” (re-)calibration of the scanner
MIDAS_TARGET_NAME “TGTO1” head (see chapter 2.4.3).
“SILICON” SILICON and SOLGEL facets are
“SOLGEL” two different types of targets used

for duct collection.

MIDAS_LIN_STAGE_POS

-9.00 - +9.00 <V>

Position of the linear stage given
by the linear LVDT position
sensor. For a description of the
relationship between tip number
and linear stage position see [9],
chapter 4.2.2.

MIDAS_SEGMENT_NUMBER

0..1023

Selected scan segment. The
correlation between target number
and segment number is described
in chapter 2.4, “Target Utilisation
History”.

MIDAS_SCAN_START_XY

Start coordinates (origin) of an
image, line or single point scan
relative to the X/Y stage origin.
The coordinates are given in DAC
(digital-analogue converter) set
values.

MIDAS_SCAN_STOP_XY

End coordinates of an image, line,
or single point scan relative to the
X/Y stage origin. The coordinates
are given in DAC set values.
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MIDAS_SCAN_DIRECTION

IM,X,Y}
M = MAIN_X, MAIN_Y
X = X_LTOH, X_HTOL
Y =Y_LTOH, Y_HTOL

Main, X and Y image and line
scan direction. LTOH indicates
scans from low to high piezo
control voltages (default). HTOL
denotes the opposite direction.

MIDAS_SCANNING_MODE

“‘DYNAMIC”
“CONTACT”
“‘MAGNETIC”

Data acquisition mode.

MIDAS_SCAN_DATA_TYPE

“Z_SET_VAL”
“CANT_AC_MON”
“CANT_AC_RET”
“CANT_PH_MON”
“CANT_DC_MON”
“X_HV_MON”
“Y_HV_MON”
“Z_HV_MON”
“X_POS_MON”
“Y_POS_MON”
“Z_POS_MON”
“X_ERR_MON”
“Y_ERR_MON”
“Z_ERR_MON”

Image scans data type.

A detailed description of the
different data types is given in
chapter 2.4, “Image Scan Data”.
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4.3 Data Product Design

4.3.1 Data Product Design — Standard Housekeeping Data

The MIDAS standard housekeeping data files are binary tables containing the plain telemetry
packets as retrieved from the DDS. Each data file has associated a detached PDS label with the
same name as the data file it describes, but with the extension .LBL. The data file columns are

defined in a separate format file referred to by the ~STRUCTURE keyword in the PDS labels:

e Datadirectory: /DATA/HK1
e File naming: HK1_yydddhh_yydddhh.DAT
e File structure: /LABEL/HK1_STRUCTURE.FMT

Parameters having a physical representation can be calibrated by applying the OFFSET,
SCALING_FACTOR and UNIT keywords (defined in the related column object in the format file)
to the raw value:

e physical_value = OFFSET + raw_value*SCALING_FACTOR [UNIT]

A typical PDS label for a standard housekeeping data file is given below:

PDS_VERSION_ID
LABEL_REVISION_NOTE

RECORD_TYPE
RECORD_BYTES
FILE_RECORDS

DATA_SET_ID
DATA_SET_NAME

PRODUCT_ID
PRODUCT_VERSION_ID
PRODUCT_CREATION_TIME
PRODUCT_TYPE
PROCESSING_LEVEL_ID

MISSION_ID
MISSION_NAME
MISSION_PHASE_NAME

INSTRUMENT_HOST_ID
INSTRUMENT_HOST_NAME
INSTRUMENT_ID
INSTRUMENT_NAME
INSTRUMENT_TYPE
INSTRUMENT_MODE_ID
INSTRUMENT_MODE_DESC

TARGET_NAME
TARGET_TYPE

START_TIME

STOP_TIME
SPACECRAFT_CLOCK_START_COUNT
SPACECRAFT_CLOCK_STOP_COUNT
NATIVE_START_TIME
NATIVE_STOP_TIME

PRODUCER_ID
PRODUCER_FULL_NAME

PDS3
"<LABEL_REVISION_NOTE>"

FIXED_LENGTH
56
<FILE_RECORDS>

"<DATA_SET_ID>"
"<DATA_SET_NAME>"

"<PRODUCT_ID>"
"<PRODUCT_VERSION_ID>"
<PRODUCT_CREATION_TIME>
EDR
<PROCESSING_LEVEL_ID>

ROSETTA
"INTERNATIONAL ROSETTA MISSION"
"<MISSION_PHASE_NAME>"

<INSTRUMENT_HOST_ID>
"<INSTRUMENT_HOST_NAME>"
<INSTRUMENT_ID>
"<INSTRUMENT_NAME>"
"<INSTRUMENT_TYPE>"
<INSTRUMENT_MODE_ID>
"<INSTRUMENT_MODE_DESC>"

"<TARGET_NAME>"
"<TARGET_TYPE>"

<START_TIME>
<STOP_TIME>
"<START_COUNT>"
"<STOP_COUNT>"
<NATIVE_START_TIME>
<NATIVE_STOP_TIME>

"<PRODUCER_ID>"
"<PRODUCER_FULL_NAME>"
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PRODUCER_INSTITUTION_NAME = "<PRODUCER_INSTITUTION_NAME>"
DATA_QUALITY_ID = <DATA_QUALITY_ID>
DATA_QUALITY_DESC = "<DATA_QUALITY_DESC>"

/* GEOMETRY INFORMATION */

SC_SUN_POSITION_VECTOR = <SC_SUN_POSITION_VECTOR>
SC_TARGET_POSITION_VECTOR <SC_TARGET_POSITION_VECTOR>
SC_TARGET_VELOCITY_VECTOR <SC_TARGET_VELOCITY_VECTOR>
SPACECRAFT_ALTITUDE <SPACECRAFT_ALTITUDE>
SUB_SPACECRAFT_LATITUDE <SUB_SPACECRAFT_LATITUDE>
SUB_SPACECRAFT_LONGITUDE = <SUB_SPACECRAFT_LONGITUDE>

/* DATA FILE POINTER(S) */
~HK1_TABLE = "<FILE_NAME>"

/* DATA OBJECT DEFINITION(S) */

OBJECT = HK1_TABLE
INTERCHANGE_FORMAT = BINARY
ROWS = <FILE_RECORDS>
COLUMNS = 28
ROW_BYTES = 56
NAME = "MIDAS standard HK"
~STRUCTURE = "HK1_STRUCTURE.EFMT"
END_OBJECT = HK1_TABLE

END

The standard housekeeping data file structure is defined as follows:

/* HK1 FRAME STRUCTURE */

OBJECT = COLUMN
NAME = "PACKET_ID"
DESCRIPTION = "Telemetry packet identifier."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE =1
BYTES =2

END_OBJECT = COLUMN

OBJECT = COLUMN
NAME = "PACKET_SEQUENCE_CONTROL"
DESCRIPTION = "Telemetry packet sequence counter."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE =3
BYTES =2

END_OBJECT = COLUMN

OBJECT = COLUMN
NAME = "PACKET_LENGTH"
DESCRIPTION = "Telemetry packet length."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE =5
BYTES =2

END_OBJECT = COLUMN

OBJECT = COLUMN
NAME = "PACKET_OBT_SECONDS"
DESCRIPTION = "S/C clock count at packet generation."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE =17
BYTES = 4

END_OBJECT = COLUMN

OBJECT = COLUMN
NAME = "PACKET_OBT_FRACTION"
DESCRIPTION = "Fractional part of S/C clock count."
DATA_TYPE = MSB_UNSIGNED_INTEGER
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START_BYTE =11
BYTES =2
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "PACKET_PUS_AND_CRC"
DESCRIPTION = "Telemetry packet PUS-Versiion and CRC flag."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE =13
BYTES =1
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "PACKET_TYPE"
DESCRIPTION = "Telemetry packet type."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE = 14
BYTES =1
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "PACKET_SUBTYPE"
DESCRIPTION = "Telemetry packet sub-type."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE = 15
BYTES =1
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "PACKET_PAD_FIELD"
DESCRIPTION = "Telemetry packet padding field."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE = 16
BYTES =1
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "STRUCTURE_ID"
DESCRIPTION = "Telemetry packet structure identifier."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE =17
BYTES =2
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "SOFTWARE_VERSION"
DESCRIPTION = "On-board software version."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE =19
BYTES =2
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "INSTRUMENT_MODE"
DESCRIPTION = "Instrument mode status word."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE =21
BYTES =2
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "BASEPLATE_TEMPERATURE"
DESCRIPTION = "AFM baseplate temperature sensor readout."
DATA_TYPE = MSB_INTEGER
START_BYTE = 23
BYTES =2
OFFSET = 0.0
SCALING_FACTOR = 0.01143
UNIT = KELVIN
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "PREAMPLIFIER_TEMPERATURE"
DESCRIPTION = "Cantilever preamplifier temperature readout."

DATA_TYPE

= MSB_INTEGER
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START_BYTE = 25
BYTES =2
OFFSET = 0.0
SCALING_FACTOR = 0.01143
UNIT = KELVIN
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "CONVERTER_TEMPERATURE"
DESCRIPTION = "Power converter temperature readout."
DATA_TYPE = MSB_INTEGER
START_BYTE = 27
BYTES =2
OFFSET = 0.0
SCALING_FACTOR = 0.01143
UNIT = KELVIN
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "CSSC_XREF_TEMPERATURE"
DESCRIPTION = "Capacitive sensor X reference temperature."
DATA_TYPE = MSB_INTEGER
START_BYTE =29
BYTES =2
OFFSET = 0.0
SCALING_FACTOR = 0.01143
UNIT = KELVIN
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "CSSC_YREF_TEMPERATURE"
DESCRIPTION = "Capacitive sensor Y reference temperature."
DATA_TYPE = MSB_INTEGER
START_BYTE = 31
BYTES =2
OFFSET = 0.0
SCALING_FACTOR = 0.01143
UNIT = KELVIN
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "INLET_TEMPERATURE"
DESCRIPTION = "Temperature measured at the dust inlet."
DATA_TYPE = MSB_INTEGER
START_BYTE = 33
BYTES =2
OFFSET = 0.0
SCALING_FACTOR = 0.01143
UNIT = KELVIN
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "VOLTAGE_MONITOR_POS5"
DESCRIPTION = "+5V voltage montitor readout."
DATA_TYPE = MSB_INTEGER
START_BYTE = 35
BYTES =2
OFFSET = 0.0
SCALING_FACTOR = 0.00030518
UNIT =V
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "VOLTAGE_MONITOR_P15"
DESCRIPTION = "+15V voltage monitor readout."
DATA_TYPE = MSB_INTEGER
START_BYTE = 37
BYTES =2
OFFSET = 0.0
SCALING_FACTOR = 0.00091706
UNIT =V
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "VOLTAGE_MONITOR_N15"
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DESCRIPTION = "-15V voltage monitor readout."
DATA_TYPE = MSB_INTEGER
START_BYTE = 39
BYTES =2
OFFSET = 0.0
SCALING_FACTOR = 0.00091706
UNIT =V
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "DIGITAL_STATUS_1"
DESCRIPTION = "Digital lines status word #1."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE = 41
BYTES = 2
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "DIGITAL_STATUS_2"
DESCRIPTION = "Digital lines status word #2."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE = 43
BYTES = 2
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "DIGITAL_STATUS_3"
DESCRIPTION = "Digital lines status word #3."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE = 45
BYTES = 2
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "DIGITAL_STATUS_4"
DESCRIPTION = "Digital lines status word #4."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE = 47
BYTES = 2
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "DIGITAL_STATUS_5"
DESCRIPTION = "Digital lines status word #5."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE = 49
BYTES = 2
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "ADC_OVERFLOW_FLAGS"
DESCRIPTION = "Analog-Digital Converter overflow flags."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE = 51
BYTES = 4
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "CRC1l6_CHECKSUM"
DESCRIPTION = "Telemetry packet checksum (CRC 16)."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE = 55
BYTES = 2
END_OBJECT = COLUMN
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4.3.2 Data Product Design — Extended Housekeeping Data

The MIDAS extended housekeeping data files are binary tables containing the plain telemetry
packets as retrieved from the DDS. Each data file has associated a detached PDS label with the
same name as the data file it describes, but with the extension .L.BL. The data file columns are
defined in a separate format file referred to by the ~STRUCTURE keyword in the PDS labels:

e Datadirectory: /DATA/HK2
e File naming: HK2_yydddhh_yydddhh.DAT
e File structure: /LABEL/HK2_STRUCTURE.FMT

Parameters having a physical representation can be calibrated by applying the OFFSET,
SCALING_FACTOR and UNIT keywords (defined in the related column object in the format file)
to the raw value:

e physical_value = OFFSET + raw_value*SCALING_FACTOR [UNIT]

A typical PDS label for an extended housekeeping data file is given below:

PDS_VERSION_ID
LABEL_REVISION_NOTE

PDS3
"<LABEL_REVISION_NOTE>"

RECORD_TYPE
RECORD_BYTES
FILE_RECORDS

FIXED_LENGTH
524
<FILE_RECORDS>

DATA_SET_ID
DATA_SET_NAME

"<DATA_SET_ID>"
"<DATA_SET_NAME>"

PRODUCT_ID
PRODUCT_VERSION_ID
PRODUCT_CREATION_TIME
PRODUCT_TYPE
PROCESSING_LEVEL_ID

"<PRODUCT_ID>"
"<PRODUCT_VERSION_ID>"
<PRODUCT_CREATION_TIME>
EDR
<PROCESSING_LEVEL_ID>

MISSION_ID
MISSION_NAME
MISSION_PHASE_NAME

ROSETTA
"INTERNATIONAL ROSETTA MISSION"
"<MISSION_PHASE_NAME>"

INSTRUMENT_HOST_ID
INSTRUMENT_HOST_NAME
INSTRUMENT_ID
INSTRUMENT_NAME
INSTRUMENT_TYPE
INSTRUMENT_MODE_ID
INSTRUMENT_MODE_DESC

<INSTRUMENT_HOST_ID>
"<INSTRUMENT_HOST_NAME>"
<INSTRUMENT_ID>
"<INSTRUMENT_NAME>"
"<INSTRUMENT_TYPE>"
<INSTRUMENT_MODE_ID>
"<INSTRUMENT_MODE_DESC>"

TARGET_NAME
TARGET_TYPE

"<TARGET_NAME>"
"<TARGET_TYPE>"

START_TIME

STOP_TIME
SPACECRAFT_CLOCK_START_COUNT
SPACECRAFT_CLOCK_STOP_COUNT
NATIVE_START_TIME
NATIVE_STOP_TIME

<START_TIME>
<STOP_TIME>
"<START_COUNT>"
"<STOP_COUNT>"
<NATIVE_START_TIME>
<NATIVE_STOP_TIME>

PRODUCER_ID
PRODUCER_FULL_NAME
PRODUCER_INSTITUTION_NAME

"<PRODUCER_ID>"
"<PRODUCER_FULL_NAME>"
"<PRODUCER_INSTITUTION_NAME>"

DATA_QUALITY_ID
DATA_QUALITY_DESC

<DATA_QUALITY_ID>
"<DATA_QUALITY_ DESC>"
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/* GEOMETRY INFORMATION */
SC_SUN_POSITION_VECTOR
SC_TARGET_POSITION_VECTOR
SC_TARGET_VELOCITY_VECTOR
SPACECRAFT_ALTITUDE
SUB_SPACECRAFT_LATITUDE
SUB_SPACECRAFT_LONGITUDE

/* DATA FILE POINTER(S) */
~“HK2_TABLE
/* DATA OBJECT DEFINITION(S) */
OBJECT
INTERCHANGE_FORMAT
ROWS
COLUMNS
ROW_BYTES
NAME
~STRUCTURE
END_OBJECT
END

<SC_SUN_POSITION_VECTOR>
<SC_TARGET_POSITION_VECTOR>
<SC_TARGET_VELOCITY_VECTOR>
<SPACECRAFT_ALTITUDE>
<SUB_SPACECRAFT_LATITUDE>

= <SUB_SPACECRAFT_LONGITUDE>

"<FILE_NAME>"

= HK2_TABLE

BINARY
<FILE_RECORDS>

259

524

"MIDAS extended HK"
"HK2_STRUCTURE.FMT"
HK2_TABLE

The extended housekeeping data file structure is defined as follows:

/* HK2 FRAME STRUCTURE */

OBJECT
NAME
DESCRIPTION
DATA_TYPE
START_BYTE
BYTES
END_OBJECT

OBJECT
NAME
DESCRIPTION
DATA_TYPE
START_BYTE
BYTES
END_OBJECT

OBJECT
NAME
DESCRIPTION
DATA_TYPE
START_BYTE
BYTES
END_OBJECT

OBJECT
NAME
DESCRIPTION
DATA_TYPE
START_BYTE
BYTES
END_OBJECT

OBJECT
NAME
DESCRIPTION
DATA_TYPE
START_BYTE
BYTES
END_OBJECT

COLUMN

"PACKET_ID"

"Telemetry packet identifier."
MSB_UNSIGNED_INTEGER

1

2

= COLUMN

= COLUMN

"PACKET_SEQUENCE_CONTROL"

"Telemetry packet sequence counter."
MSB_UNSIGNED_INTEGER

3

2

COLUMN

COLUMN

"PACKET_LENGTH"

"Telemetry packet length."
MSB_UNSIGNED_INTEGER

5

2

COLUMN

COLUMN

"PACKET_OBT_SECONDS"

"S/C clock count at packet generation."
MSB_UNSIGNED_INTEGER

5

4

= COLUMN

= COLUMN

"PACKET_OBT_FRACTION"

"Fractional part of S/C clock count."
MSB_UNSIGNED_INTEGER

11

2

COLUMN
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OBJECT = COLUMN
NAME = "PACKET_PUS_AND_CRC"
DESCRIPTION = "Telemetry packet PUS-Versiion and CRC flag."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE =13
BYTES =1
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "PACKET_TYPE"
DESCRIPTION = "Telemetry packet type."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE = 14
BYTES =1
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "PACKET_SUBTYPE"
DESCRIPTION = "Telemetry packet sub-type."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE = 15
BYTES =1
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "PACKET_PAD_FIELD"
DESCRIPTION = "Telemetry packet padding field."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE = 16
BYTES =1
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "STRUCTURE_ID"
DESCRIPTION = "Telemetry packet structure identifier."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE =17
BYTES =2
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "SOFTWARE_VERSION"
DESCRIPTION = "On-board software version."
DATA_TYPE = MSB_UNSIGNED_INTEGER
START_BYTE =19
BYTES =2
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "U_CAN_RMS"
DESCRIPTION = "Cantilever AC signal readout."
DATA_TYPE = MSB_INTEGER
START_BYTE =21
BYTES =2
OFFSET = 1.52590E-004
SCALING_FACTOR = 3.05180E-004
UNIT =V
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "U_CAN_AMP_DC"
DESCRIPTION = "Cantilever DC signal readout."
DATA_TYPE = MSB_INTEGER
START_BYTE = 23
BYTES =2
OFFSET = 1.52590E-004
SCALING_FACTOR = 3.05180E-004
UNIT =V
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "U_CAN_PHASE"
DESCRIPTION = "Cantilever phase signal readout."
DATA_TYPE = MSB_INTEGER
START_BYTE = 25
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BYTES =2
OFFSET = 2.74662E-003
SCALING_FACTOR = 5.49325E-003
UNIT = deg
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "APP_POS_MON"
DESCRIPTION = "Approach position sensor readout."
DATA_TYPE = MSB_INTEGER
START_BYTE = 27
BYTES =2
OFFSET = 1.52590E-004
SCALING_FACTOR = 3.05180E-004
UNIT =V
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "LIN_POS_MON"
DESCRIPTION = "Linear stage position sensor readout."
DATA_TYPE = MSB_INTEGER
START_BYTE = 29
BYTES =2
OFFSET = 1.52590E-004
SCALING_FACTOR = 3.05180E-004
UNIT =V
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "X_PR_OUT"
DESCRIPTION = "X piezo control loop offset error readout."
DATA_TYPE = MSB_INTEGER
START_BYTE = 31
BYTES =2
OFFSET = 1.52590E-004
SCALING_FACTOR = 3.05180E-004
UNIT =V
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "Y_PR_OUT"
DESCRIPTION = "Y piezo control loop offset error readout."
DATA_TYPE = MSB_INTEGER
START_BYTE = 33
BYTES =2
OFFSET = 1.52590E-004
SCALING_FACTOR = 3.05180E-004
UNIT =V
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "Z_PR_OUT"
DESCRIPTION = "Z piezo control loop offset error readout."
DATA_TYPE = MSB_INTEGER
START_BYTE = 35
BYTES =2
OFFSET = 1.52590E-004
SCALING_FACTOR = 3.05180E-004
UNIT =V
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "XPIEZO_VSENS_OUT"
DESCRIPTION = "X piezo high voltage monitor readout."
DATA_TYPE = MSB_INTEGER
START_BYTE = 37
BYTES =2
OFFSET = 1.00002E+002
SCALING_FACTOR = 4.27253E-003
UNIT =V
END_OBJECT = COLUMN
OBJECT = COLUMN
NAME = "YPIEZO_VSENS_OUT"
DESCRIPTION = "Y piezo high voltage monitor readout."
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DATA_TYPE = MSB_INTEGER
START_BYTE = 39
BYTES = 2
OFFSET = 1.00002E+002

SCALING_FACTOR
UNIT

END_OBJECT

OBJECT

NAME
DESCRIPTION
DATA_TYPE
START_BYTE
BYTES

OFFSET
SCALING_FACTOR
UNIT

END_OBJECT

OBJECT

NAME
DESCRIPTION
DATA_TYPE
START_BYTE
BYTES

OFFSET
SCALING_FACTOR
UNIT

END_OBJECT

OBJECT

NAME
DESCRIPTION
DATA_TYPE
START_BYTE
BYTES

OFFSET
SCALING_FACTOR
UNIT

END