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4.6 Attitude History File

The present section defines the Attitude History File (AHF) Interface. The AHF is
provided by the MOC (FDD). Theinterfaceis designed to be used inside the ISDC for
the extraction of the attitude and orientation of the spacecraft for agiven revolution as

afunction of time.
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4.6.1 General Description

4.6.1.1 Content Overview

This chapter of the Interface Control Document (ICD) describes the interfaces
between the INTEGRAL Flight Dynamics System (IFDS) developed by the Flight
Dynamics Division (FDD) at ESOC, the INTEGRAL Mission Control System (IMCS)
and the INTEGRAL Science Data Centre (ISDC) for the delivery of the following
products, to be generated by Flight Dynamics (FD):

» the attitude history file (AHF) providing the attitude and orientation of the
spacecraft as afunction of time

These files are generated on the IFDS and notified to the IMCS vialFTS. Transfer to
the ISDC takes place viathe IFTS.

4.6.1.2 Scope

The attitude history file will be used during the payload verification and routine
mission-phases. This ICD chapter is applicable to these phases. Prior to launch, this
ICD chapter is applicable for the validation of the interfaces during Ground Segment
integration and testing and for simulations of operations.

4.6.1.2.1 Compatibility between XMM and INTEGRAL

It is the stated intention to maintain compatibility between the XMM and INTEGRAL
on-board and on-ground systems wherever possible. To this end, the design of the
attitude history interface will be as generic as possible.

4.6.1.3 Subsystem Siting

TheIFDS and IMCS are both components of the INTEGRAL Mission Operation Centre
(MOC) based at ESOC, Darmstadt(D) .

The 1SDC is based near Geneva@.

4.6.1.3.1 Data Source, Destination and Transfer Method

The attitude history file and the associated products are generated and recorded on the
IFDS. They are transferred to the ISDC viathe IFTS.

Details of the transfer method are given in Appendix A.

4.6.1.3.2 Generation Method and Frequency

Data file transfers are initiated automatically. One AHF per revolution will be
transferred between MOC and ISDC viathe IFTS. The notification of the AHF to the
IFTS (for transfer to the ISDC) is initiated from the IFDS, at most 5 hours after
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perigee.

Note: A planning period always covers the time interval from one perigee passage to
the next. In line with the established ESA terminology this time is consistently
referred to in this document as a “revolution”:- the term “orbit”, which describes the
time between two passages of the ascending node, is not used in this document.

4.6.1.3.3 Relationships with Other Interfaces

Detailed interfaces, describing the format and content of the following types of files
that are passed during mission planning, are covered elsewhere in this document:

» Planning Skeleton File (PSF): chapter 3.1

» Preferred Observation Sequence (POS): chapter 3.12
» Attitude Snapshot File (ASF): chapter 4.7

» Predicted Attitude history File (PAF): chapter 4.5

4.6.1.3.4 Labelling and Identification

The AHF name and extension will take the form:
rrrr_nnnn. AHF

where:
* AHF isthethree character designator for every attitude history file

e rrrr isthefour digit revolution number in the range
0000 < rrrr<9999

* nnnnisthefour digit FDS-specific version number in the range
0001 < nNNn<9999

» theseparating character “ " isexplicitly part of the name

Note: rrrr and nnnn always contain leading zeros.

The AHF will be put into awrapper file. The name and extension of the wrapper file
will follow the convention given in Appendix A.

4.6.1.4 Assumptions and Constraints

4.6.1.4.1 Usage Constraints

Initiation of traffic on thisinterface is available only to authorised users of the IFDS.
Access restrictions apply.
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4.6.2 Interface Characteristics

4.6.2.1 Hardware Characteristics and Limitations

Details are given in Appendix A.

4.6.2.2 Volume and Size

On any given system it isassumed that the following resourceswill be needed in order
to maintain an adequate and convenient attitude history file:

Absolute wor st case! ...

File Max. size Max. number of Disk
type (per file) coexisting files space
AHF 30MB 10 300 MB

Expected nominal case....

File Typical size  Max. number of Disk
type (per file) coexisting files space
AHF 400 kB 10 40 MB

“Maximum number of coexisting files’ refers to the maximum number of files which
must be capable of coexisting on the source and target systems. In other words, the
respective system must be capable of hosting this number of files - this does not
prohibit that at any given time more or fewer files might actually be present on agiven
system.

The “absolute worst case” is based on the possibility of having to provide an attitude
entry once every 2 seconds® for a 72 hour revolution. In practice, one expects to have
to provide attitudes at afar lower rate.

4.6.2.3 Interface Medium Characteristics

Details are given in Appendix A.

4.6.2.4 Failure Protection, Detection and Recovery

Details are given in Appendix A.

4.6.2.5 End-of-file (or medium) conventions

None.

1 See84.64.211
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4.6.3 Access

4.6.3.1 Programs Using the I nterface Data

Details are given in Appendix A.

4.6.3.2 Synchronisation Considerations

4.6.3.2.1 Timing and Sequencing Characteristics

Data file transfers are initiated automatically. One AHF per revolution will be
transferred between MOC and ISDC viathe IFTS.

4.6.3.2.1.1 Attitude History File

The notification of the AHF to the IFTS (for transfer to the ISDC) isinitiated from the
IFDS, at most 5 hours after perigee.

4.6.3.2.2 Effective Duration

Provided all relevant systems for a particular transfer are operational (ISDC, IFTS
IFDS): neither the SW of a system involved in the transfer nor the network load shall
prevent the transfer of a file from being able to complete within 2 (desirable) to 15
(mandatory) minutesfrominitiation to receipt at itsfinal destination. See also chapter
on IFTS

4.6.3.2.3 Priority Interrupts

The priorities of datafile transfers shall be such that the time constraints above can be
met.

4.6.3.3 I nput/Output Protocol, Calling Sequences

Detallsare givenin Appendix A.

4.6.3.3.1 Sorage Interfaces
No requirements on physical storage (e.g. tape racks, etc.) are associated with this
interface.

4.6.3.3.2 Formatting

Files will be placed in a “wrapper” together with a contents file and compressed
(TBC) prior to transfer. The format of the wrapper and contents file and the
(un)compress mechanism are defined in Appendix A. Theinternal formats of thefiles
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inserted in this wrapper are transparent to the file transfer system (IFTS). Following
extraction from the wrapper, no re-formatting of the files transferred from IMCS to
ISDC will be necessary.

4.6.3.3.3 Archive of Files

All AHFswhich are transferred to the ISDC will be archived by the IFDS.
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4.6.4 Detailed | nterface Specifications
4.6.4.1 Organisation

The Attitude History Fileis the means by which MOC informs ISDC of:

» thereconstituted spacecraft orientation throughout the revolution (in terms of
the operational star tracker functional frame as afunction of time)

The files consist of a series of ASCII records describing the time and the associated
attitude together with qualifying/quantifying information where necessary.

4.6.4.2 Structure

In what follows the conventions listed below apply:
» record numbering starts at record 1
» offsetsare defined in terms of 8 -bit words, starting at offset O

* item “types’ are defined in terms of standard FORTRAN-77 FORMAT edit
descriptors

» Unless otherwise indicated, all times are expressed in the A20 form:
e yyyy-mm-ddThh:mm:ssZ

4.6.4.2.1 Attitude History File

4.6.4.2.1.1 Attitude History Background
The attitude history will cater for 3 distinct “ phases’:

Phase Description

[ | Initial Slew For small offset manoeuvres and open-loop slews with
(open-loop or sufficiently low rate, attitude entriesin the AHF will be
small offset) the result of attitude reconstitution based on tracked stars

during the manoeuvre. If the open-loop slew rate istoo
large, attitude entriesin the AHF will be interpolations
provided by the FDS slew path predictor, but based on the
observed start and end attitudes of the slew. The time res-
olution of AHF entries generated with the slew path pre-
dictor will be 10 seconds (configurable).
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Phase Description

Il | post-dew? Attitudes will be logged in the AHF every 10 seconds
(configurable, down to 2 seconds) until the beginning of
the stable pointing period.

This phase covers the subsequent ground based attitude
determination (if required), additional small offset
manoeuvre execution (if required) and the expected set-
tling period before stable pointing is achieved (that is
until the on-target flag toggles high).

111 | stable pointing® | Therewill be only one attitude entry in the AHF for a

nominal stable pointing period®. However, if the attitude
varies by more than 2.5 arcseconds (configurable) new
attitude entries will be made in the AHF every 2 seconds
(configurable to more than 2 seconds) until such time as
the variation falls below 2.5 arcseconds again. For the sin-
gle nominal attitude entry, only the APD will be provided.

This phase covers the period up to the start of operations
to conduct the manoeuvre to the next planned attitude.

a attitude determination, settling
b. from the time when the on-target flag is “true’
C. seenotes below regarding stable pointing

The above sequence of eventsis summarised in the following diagram:

Pointing n-1 Pointing n

Slew Settling +
Manoeuvre attitude
determination

- | | | -
Science Science

Time

Rationale for handling of Stable Pointing:

The attitude variation will be calculated with respect to the x-axis only (there will be
no direct information about z-axis jitter) from data selected from a 30-second sliding
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time window (configurable).

Theintention isto give high time-resol ution of attitude resultsfor the case wherethere
are short term attitude variations of more than 2.5 arc seconds.

To cater for long-term drift, the result from the 30 second window will aso be
compared with theinitial attitude for this pointing and anew AHF entry will be made
if the difference is greater than 2.5 arc seconds (configurable). However such entries
will be on a one-off basis (i.e. not every 2 seconds, but only one entry when the
difference is greater than 2.5 arc seconds).

As noted in the table above, if both the short and long term attitude variation remain
within the 2.5 arcsecond limit, there will only be asingle attitude entry in the AHF for
agiven pointing.

Rationale for handling of first data record in the AHF:

The first data record in the AHF, corresponding to the period covering from the
perigee passage to the start of thefirst slew to the first pointing request, will follow the
following rules:

» if the spacecraft is slewing across the perigee or the guide star has been lost
during the perigee passage, no record will be entered

 if the spacecraft is pointing across the perigee, one data record will be entered

with the following characteristics (see 84.6.4.2.1.4 for detailed description of

items):

- itemno.l: RRRROO0O

- itemno.2: P

- item no.5 = item no.6 = item no.7 = perigee passage time

- item no.8 = period from perigee passage to start of first slew

- theorientation of the viewing direction (itemsno. 10 & 11) and the +Z axis
(itemsno. 12 & 13) isthe same as that orientation corresponding to the last
pointing before the perigee (previous revolution)

4.6.4.2.1.2 File Characteristics
The AHF will consist of one header followed by several data records.
All records will be 220 bytes long and formatted in ASCI|.

Attitude information will be expressed with respect to the mean geocentric equatorial
reference system of Equinox J2000.0.
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4.6.4.2.1.3 Header Record

The header record is the first record in thefile. It will contain the following items:

Table 1: AHF Header Record Structure

Item | Offset | Note | Type Description
1 |0 [1,2] | A20,1X Start time of interval covered by thisfile
2 |21 [1,2] | A20,1X End time of interval covered by thisfile
3 |42 [2] A20,1X Time of generation of thisfile
4 63 14.4,1X Revolution number
5 |68 16,1X Number of recordsin thisfile (including this one)
6 |75 14.4,1X AHF version number
7 |80 A5,1X AHF SW version number
8 86 Al34 Space reserved for comments
Notes:

[1]  Start and end times set equal to PSF start and end times for the relevant revo-
lution

[2]  See8§4.6.4.2 regarding the time format
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4.6.4.2.1.4 Data Records

Data records start with record number 2. They will contain the following items:

Table 2: AHF Data Record Structure

Item | Offset | Note Type Description

1 0 [1] A8,1X Pointing-request-identifier for the data in this record

2 9 [2] Al1,1X Pointing type-identifier for the datain this record

3 11 [3] Al1,1X Source-identifier for the datain this record

4 13 [12] 13,1X Attitude sequence number for the dataiin this record

5 17 [4,14] | A20,1X Start time of the slew to the pointing-request

6 38 [4,10] | A20,1X Start time of the stable-pointing period

7 59 [4,15] | A20,1X Time from which dataiin this record are valid

8 80 [5] F9.2,1X Duration for which data in this record are valid

9 90 F5.1,1X On-target flag threshold in arc-seconds

10 96 [6] A11,1X Right ascension of viewing direction

11 108 [7] A11,1X Declination of viewing direction

12 120 [6] Al11,1X Right ascension of Z-axis

13 132 [7 A11,1X Declination of Z-axis

14 144 A12,1X Guide star reference number in catalogue

15 157 [6] A11,1X Guide star right ascension

16 169 [7] A11,1X Guide star declination

17 181 [11] F5.1,1X Solar aspect angle in degrees

18 187 [8] 11,1X Attitude contingency flag

19 189 [9] A5,1X Observable APD amplitude in arc-seconds

20 195 [13] A11,1X Difference between reconstituted and commanded view-
ing direction right ascension

21 207 [13] A11,2X Difference between reconstituted and commanded view-
ing direction declination
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Notes:
Refer also to 84.2.1.1 + diagram, regarding the sequence of events.
[1] Pointing-request identifier

Thisidentifier will be an echo of the pointing ID to be found in the POS ICD.

The intermediate attitude determinations during a slew will be associated with
each other by having the same unique pointing-request identifier as that given
in the POS.

See also item 4 (and note 14 below).

The pointing-request identifier when a manual, non-scheduled pointing is
executed is the pointing-request identifier that appears in the corresponding
manual, non-scheduled | PF.

IMOC created pointings shall have a unique pointing ID with the format
RRRR9PPP.

[2] Pointing-request type

Thisisintended as aflexible means of indicating the type of the event associ-
ated with a given AHF record and is of assistance in keeping the AHF as
generic as reasonably possible. The following types are envisaged;

O for an open-loop slew interpolated attitude
C for aclosed loop slew attitude

Sfor settling-period attitude

P for stable-pointing attitude

where al of the above are results derived from reconstitutions based on obser-

vations® with the exception of O (derived from the slew path predictor using
observed start and end attitudes as input).

[3] Thisfield isan extension of item 2 and may hold, for example, a flag indicat-
ing the method of attitude reconstitution (e.g. the attitude may be a result
based on FSS output plus star map or may be a propagation from such aresult
on the basis of motion of the guide star in the STR FOV).

[4] See 84.2 regarding the time format

[5]  Durationin seconds, starting from the time from which the record isvalid. For
dew intermediate attitudes, this duration will be zero indicating an instantane-
ous result.

1. “observations’ in the sense of results based either on telemetry or other observed data
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After an open-loop slew, the star tracker can lock onto a number of different
celestial objects, (e.g. stars not in the mission catalogue, extended celestial
objects, solar system objects). It is not possible to use these objects asinertial
references for attitude reconstruction. Since the last valid instantaneous atti-
tude after an open-loop slew is obtained by processing a star tracker mapping,
the validity of thisentry in the AHF will be extended to cover the period from
thistime up until the time whereby another valid reference is used by the star
tracker.

[6] Right ascensionsin the AHF are expressed as hours, minutes and seconds of
arc in the form: HH:MM:SS.SS with HH varying from 00 to 23, MM varying
from 00 to 59 and SS.SS varying from 00.00 to 59.99

[7] Declinationsin the AHF are expressed as degrees, minutes and seconds of arc
in the form: +DD:MM:SS.Swith DD varying from 00 to 90, MM varying
from 00 to 59 and SS.S varying from 00.0 to 59.9

[8]  Attitude contingency flag is asfollows:
Set to O if no contingency

Set to 1 if the pointing-request attitude at the end of a slew has not been
acquired at any time during the requested pointing.

The criterion used by Flight Dynamics to know whether the spacecraft has
achieved the target attitude is the on-target flag setting; the attitude contin-
gency flag isset to 1 only if the on-target flag never toggles high during the
pointing. Even if the attitude contingency flag is set to 1 the AHF contains
records with valid and meaningful attitude determination during the pointing,
although the reconstructed attitude maybe not very stable and may differ from
the planned target attitude. Obvioudly, the only reason for this behaviour
would be a serious contingency on-board.

[9] Thisitem (format F5.1) may be left blank if no APD has been calculated

One main non-observable contribution to the absolute pointing drift is thermo-
elastic distortion between STR and instruments. Other observable/predictable
contributions are e.g. orbital parallax, sloshing residuals, long term limit
cycling of controller.

[10] Start time of observation as per the first toggle of the on-target flag. This entry
is constants for all entriesin the AHF corresponding to the initial slew, post-
slew and stable pointing periods after aslew (see 4.6.4.2.1.1). Thisfield can
also be left blank in the event that the on-target flag remains low. This could
be the case when the Sun Steering Law has not been re-enabled after aslew to
aparticular pointing.

[11] Angle between the spacecraft functional +X axis and the sun direction, valid
for the time from which datain thisrecord are valid (item 7) and varying from
0.0 to 180.0 degrees
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[12]

[13]

[14]

[15]

The attitude sequence number is an integer counter starting at zero and is pri-
marily intended to cater for the possibility of an “on-linetrim” of the space-
craft attitude. Such atrim will not involve anewly defined observation/
exposure-1D (table item 1 and note 1) and thus this sequence number is
required to distinguish between stable attitudes. (For INTEGRAL, this counter
is not used. During slews, the counter will be incremented for each interpo-
lated attitude.)

Angular differences with respect to the predicted (target) attitude are
expressed in decimal degrees (FORTRAN format F11.7) and the respective

fieldsin the AHF are left blank when the differences are not available.

Start time of theinitial slew which has brought the spacecraft to the requested
pointing. Thistime isthe same for al entriesin the AHF corresponding to the
initial slew, post-slew and stable pointing periods after aslew (see
4.6.4.2.1.1).

If two consecutive pointings are scheduled without a slew between them (i.e.,
the target attitude is the same for both requests and only the pointing-request
identifier changes) thisfield will be identical for all AHF records correspond-
ing to both pointings, that is, the start time of the slew to bring the spacecraft
attitude to the unique target.

Time stamp of the record. The datain the record are valid from this time dur-
ing a period specified in item number 8. Each entry in the AHF corresponding
to theinitial slew, post-slew and stable pointing periods after aslew (see
4.6.4.2.1.1) shall have a different (consecutive) time stamp.

Print date: 23 September 2003 9:03 am



	Document Change Record
	Document Change Record
	Document Change Record
	Document Change Record
	Document Change Record
	Table of Contents
	4.6.1 General Description
	4.6.1.1 Content Overview
	4.6.1.2 Scope
	4.6.1.2.1 Compatibility between XMM and Integral
	4.6.1.3 Subsystem Siting

	4.6.1.3.1 Data Source, Destination and Transfer Method
	4.6.1.3.2 Generation Method and Frequency
	4.6.1.3.3 Relationships with Other Interfaces
	4.6.1.3.4 Labelling and Identification
	4.6.1.4 Assumptions and Constraints

	4.6.1.4.1 Usage Constraints

	4.6.2 Interface Characteristics
	4.6.2.1 Hardware Characteristics and Limitations
	4.6.2.2 Volume and Size
	4.6.2.3 Interface Medium Characteristics
	4.6.2.4 Failure Protection, Detection and Recovery
	4.6.2.5 End-of-file (or medium) conventions

	4.6.3 Access
	4.6.3.1 Programs Using the Interface Data
	4.6.3.2 Synchronisation Considerations
	4.6.3.2.1 Timing and Sequencing Characteristics
	4.6.3.2.1.1 Attitude History File

	4.6.3.2.2 Effective Duration
	4.6.3.2.3 Priority Interrupts
	4.6.3.3 Input/Output Protocol, Calling Sequences

	4.6.3.3.1 Storage Interfaces
	4.6.3.3.2 Formatting
	4.6.3.3.3 Archive of Files

	4.6.4 Detailed Interface Specifications
	4.6.4.1 Organisation
	4.6.4.2 Structure
	4.6.4.2.1 Attitude History File
	4.6.4.2.1.1 Attitude History Background
	4.6.4.2.1.2 File Characteristics
	4.6.4.2.1.3 Header Record
	4.6.4.2.1.4 Data Records



