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a‘E}E;E! european space agency

european space research and technology centre

MINUTES OF THE NINTH MEETING OF THE

HIPPARCOS SCIENCE TEAM

Attendance: HST: Dr. M. Crézé
Dr. M. Grenon
Professor M. Grewing
Dr. E. Hog
Professor J. Kovalevsky
Dr. L. Lindegren
Mr. C.A. Murray
Dr. C. Turon

ESA: Dr. M.A.C. Perryman (Chairman)
Mr. M. Schuyer
Dr. S. Vaghi
Mr. L. Emiliani (part-time)
Mr. R. Bonnefoy (part-time)
Dr. R. Wills (part-time)
Mr. K. van Katwijk (part-time)
Mr. H. Eggel (part—-time)
Mr. G. Ratier (part-time)

ESOC: Mr. J. van der Ha
MATRA: Mr. E. Zeis

Drs. Cruise, Donati, Le Poole and Wynne were unable to
attend.

1. Agenda
The agenda given in Annex I was adopted.

75 Status Report (Emiliani)

Emiliani described the events that had taken place
since the start of Phase C/D in January, and gave a
description of the model philosophy and associated schedule
of activities and reviews until launch (Annex II). HST
would be invited to participate in the next major review,
the System Critical Design Review, at the end of 1985.

3 Status Report (Perryman

Perryman reviewed the status of major issues discussed
at the previous HST meeting, the documents distributed to
HST members since that meeting and those foreseen to be
distributed in the near future (Annex III).
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The following Consortia and related meetings had taken
place since the November meeting: FAST (Utrecht 25-26
April), INCA (Paris 1-2 March), TDAC (Tubingen 28-29 March)
and Proposal Selection Committee (Paris 26-27 March).
Future meetings foreseen are TDAC (ESTEC 25 May) and INCA
(Geneva 25-27 June).

4, Payload Status Report

(a) The Payload Section gave a detailed report covering
overall status (Bonnefoy), Performances (van Katwijk),
Optics/Grid (Ratier) and Detection (Eggel). These
presentations are attached as Annex IV to the minutes.

Bonnefoy described the LAS experimental arrangements
(telescope, relay lens, and moving grid) to verify the
results of HIPOPTIC with encouraging results (e.qg.
oversizing factor and modulation coefficients were well
reproduced).

van Katwijk noted that the MTF degradation may be
somewhat better than the 7.4% system allocation to M1 since
the refocussing step size has been reduced from 5 um to 3 um
(nominal).

Ratier noted the following points of relevance to the
HST:

- the chromaticity calibration device proposed by Le Gall
was now baselined by MATRA

- a meeting had been held in ESTEC between the Project,
MATRA, and Drs. Wynne and Lindegren to discuss the IDT
relay lens design, A double gaussian design had been
explicitly considered subsequently, and attempts had
been made to reduce the evident complexity of the
design. Bonnefoy stressed that a simplification was in
the interest of all parties, and had been sought, but
that the mechanical constraints had prevented major
improvements. Perryman considered that the concerns
expressed by Professor Wynne in particular had been
examined as far as possible by the Project Team and
MATRA, and that in the absence of any alternative
proposal the present design should be approved.

-~ the PMT relay lens design was being re-examined in view
of the proximity of the grid image to the dichroic
filter

- no further details of the THD 'alternative grid' were
available

(b) Wills summarized the present values of Io, M1 and M2
derived by MATRA (PNE budget, issue 4) and by Le Gall
(LA-FA-28) as given in Annex V.



Wills noted that removing the degradation factors
included in th PNE budget (line 2) brought the 'nominal
instrument' (line 3) into better agreement with the results
of LA-FA-28 (line 4). The remaining discrepancy between
the values of M1 and M2 was identified by Zeis as arising
from the fact that FASTGRID does not account for the
sampling at 1200 Hzwhich leads to further degradations of
0.978 on M1 and 0.912 on M2, correctly accounted for by
HIPOPTIC. ESA considers that the discrepancies between the
MATRA and Le Gall values of M1 and M2 have therefore been
removed. Kovalevsky would ask Le Gall to check his values
of Io (i.e. star flux model and other assumptions) and let
Perryman know the results (Action 3).

(c) Hog drew attention to discrepancies between
MAT-HIP-06488 and results obtained by Yoshizawa on TYCHO.
The NDAC simulations are more pessimistic than MATRA's, and
for the photometric aspects NDAC do not agree with the MATRA
Cramer-Rao bound. ESTEC would investigate further (Action
4).

(d) Hog requested the Project to assess whether the sun
stray light level can be significantly lower than the
specifications given in the SRD, since this could affect the
limiting magnitude of the TIC (Action 5).

5. ESOC Status

van der Ha presented an overview of present ESOC
activities (Annex VI). The MIP (Mission Implementation
Plan) would be drafted in the last half of 1984, and Schuyer
confirmed that HST members would have the opportunity to
comment on its contents before it was frozen.

van der Ha presented details of the data that would be
provided for orbit determination. Details are given in
Annex VII.

6. Calibration

(a) OOCR. Wills reviewed the status of the calibration
activities. An On-Orbit Report (OOCR) is due 20 July,
1984, which will include details of special scanning
laws, SOS, etc. if needed. This would be distributed
to HST for their comments, and a dedicated meeting
between interested parties set up as necessary. An
On-Orbit Calibration Manual would be produced in early
1985 including inputs from these comments.

(b) Grid Calibration

TPD presently commit to an on-ground calibration
accuracy of 8 m arcsec for the MSC. A revised issue of
the Grid Calibration Plan would be provided by TPB at
the end of May. R. Le Poole had proposed to use the
Leiden 'astroscan' to reach 5 m arcsec or even less on
ground, although this approach was not presently under
consideration by TPD.
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Zeis presented MATRA's present approach to the problem
of In-Orbit MSC Calibration (MAT-HIP-07960). Lindegren
questioned whether one parameter per stitching row
would allow separation of effects such as scan velocity
and large scale effects (Action 6).

(c) ©SM Distortion

A new paper would be produced by Vivier based on a
comparison of SM/main grid observables, an approach thought
by Zeis to provide a better prospect of calibrating the SM
geometric distortion. Hog favoured an in-orbit verification
of the inclined slit geometry, although no obvious way of
performing this had been identified by MATRA. Kovalevsky
suggested that a calibration would be possible after a
sphere reconstitution (yielding accurate positions and
attitudes).

(d) Photometric standard stars

Grenon expected to provide inputs on the availability
of photometric standard stars (on the basis of the next
version of INCA's L2) by the end of July. Since the energy
distributions of standard stars have been given in functions
of B-V, Zeis stated that for the assessment of photometric
calibration MATRA would like to assume that B and B-V would
be known with a precision of 0.02 mag. Grenon said it would
be no problem to provide this information together with H,
BT and VT to the same accuracy as already committed. The
change will be reflected in the next revision of the Overall
System Specification.

(e) M1, M2 Calibration

RKovalevsky accepted the requirements on the
determination of M1 (1%) and M2 (5%), although these
requirements were not consistent, and a better calibration
of M1/M2 was required (for double star detection) and would
be performed by FAST.

(£) SM Dichroic Optimisation

Zelis presented the current situation - a separation of
117 nm between Bp and Vp effective wavelengths could be
achieved, but with the insertion of blocking filters leading
to a loss of photons of ~20% (average for both channels)
and the following count rates (for B + V = 19.3).

B-V BT VT
0.0 3800 1500
0.7 2400 1800
1.5 1500 2300

The HST recommendations were unanimously:

= to maximise the number of photons by removing the
blocking filters, possibly leading to a separation of
100 nm between BT and VT:



= B =
= to balance the number of photons in BT and VT at B-V =
0.7, since the number of stars at B+V = 19.3 peaks at this
colour.

This optimisation would be performed by MATRA.

7. In-Orbit Activities

(a) Quick Look Monitoring

Wills presented the results of the ESA assessment of the
ESOC requirements (ESA-HIP-03631), suggesting that checks at
the level of photon counts (possibly with some phase extraction
analysis) should be sufficient. Lindegren noted that, in any
case, a marcsec GCR would be very difficult to implement.
Kovalevsky recalled that FAST will use a quick look analysis at
Utrecht, and that i1f ESA could provide data directly to Utrecht
a turn-around time of 1 week may be expected. ESA would
clarify their requirements.

(b) Commissioning

Schuyer presented the Project Team's current ideas on the
possible involvement of FAST and NDAC in the commissioning
activities (Annex VIII). Hog confirmed that NDAC would not
wish to participate in these responsibilities, so that ESA
should continue its dialogue with FAST alone. Kovalevsky would
consider FAST's involvement in such activities if specific
requests were made by ESA. Manpower, desired reaction time,
location of s/w (ESOC or Utrecht) as well as availability and
suitability of any required software would need to be
considered.

8. Dynamical Smoothing Specification

Schuyer presented the proposeda revised specification.
This would be acceptable to all parties with the inclusion of
the condition that the model should not require terms of
frequency higher than, for example, 0.1 Hz (Lindegren). Such a
condition would be included in MATRA's specification.

9. Attitude Control (Donati) Law

The detailed reasons why Donati's proposal had not been
considered further by ESA were presented by Perryman, and no
objection was expressed by HST members. Perryman would
provide full details in a written reply to Kovalevsky.

10. Logica Simulations

Schuyer and Zeis presented details of the recent Logica
work:

- the effect of the third harmonic had been assessed by
simulations to give a maximum degradation of 2-3% in the
frame error at 0° phase difference with respect to the
first harmonic



11.

(a)

(b)

12.

(a)

(b)
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the SOS software developed in ESTEC will be
incorporated into the Logica simulation program.

An accuracy report is aue in June.

S0S Status Report

The SOS Users Manual had been distributed to NDAC,
FAST, INCA and Crézé. Vaghi distributed to HST members
the paper "The Star Observation Strategy for HIPPARCOS"
which provides a summary of the SOS algorithm. The
S0S was now frozen, having received the full support of
Crézé and Kovalevsky. The alternating priority
concept was baselined. There was insufficient time at
the meeting for Crézé to present his assessment of the
PSF ground preparation requirements on ESOC.
Preliminary ideas would be communicated by Crézé to
Perryman following the meeting.

Global Observing Programme (GOP). On the basis of the
current contents of the Input Catalogue Version L2 IV,
MATRA had produced a note (MAT-HIP-8874) on the "Impact
of GOP on GCR Performances" suggesting that an
increased number of stars could be contained in the
Input Catalogue at the expense of only limited
degradation at B< 9 mag. due to increased rigidity of
the CGR solution.

Lindegren suggested that it could be imprudent to
assess the GOP on the basis of the MATRA GCR software
alone, since rigidity would be improved in any case by
the consideration of RGC's rather than individual great
circles. 1In this case the overall effect of
introducing more stars would be to decrease the final
achievable precision. It would be more realistic to
vary the GOP on the assumption of a fixed rigidity.
The effect of dynamical smoothing should also be
considered. Lindegren had produced a note on results
of his own assessments of the GOP considered by MATRA
illustrating these points.

Studies of the GOP were considered to be timely by
Perryman. Studies would be initiated by Schuyer
within the Project Team.

Software Inventory/Data Exchange

Vaghi distributed to Consortia Leaders the May issue of
the S/W inventory.

IDT Simulated Data: Murray will request data from
FAST, which should satisfy their immediate needs.

Vaghi will continue development of the necessary
modifications to the GCR software in ESTEC so that the
Project Team is ready to provide data to both consortia
when requested later in the year. Vaghi foresaw
availability of ESTEC simulated data around October.



(c)

(d)

13.

(a)

(b)

(c)

14.

SM Simulated Data: MATRA have RTAD and TYCHO software
packages, which could in principal be modified to
provide pseudo-SM data, although this has not been
foreseen (note that SM Software Users Manual is
available in ESTEC, but due to its bulky nature will
not be distributed to consortia leaders at this time).
Kovalevsky said that SM simulation software was under
development by FAST.

Kovalevsky expressed an interest in receiving NDAC's
sphere reconstitution simulated data.

Conventions

Scanning Law

A note by Lindegren (1984 April 17) was distributed.
It was considered that this note should form the basis
for the nominal sun position and the nominal scanning
law. Kovalevsky would review FAST's current
assumptions.

Ecliptic/Equatorial Coordinate System

It emerged that FAST were working in ecliptic
coordinates, whereas NDAC (and INCA) were using
equatorial coordinates. The form of the final
catalogue is to be defined, but if equatorial
coordinates are used Kovalevsky noted that error
estimates would need to be treated properly (expected
to be symmetrical in ecliptic coordinates).

Weighting of Phases

A full discussion of this topic would be made at the
next HST meeting.

Data Formats

The following requests related to ESA-HIP-05375
(24.4.84) were made by DRC;

Bp and Vp should be together within a star
identifier, along with the FOV identifier and slit

type.

60 arcsec per slit crossing was considered satisfactory
for the RTAD SM records.

references to UT should be replaced by TAI or, failing
that possibility, UTC.



- a file length of less than 720 formats would be
preferred by both consortia, for example in the range
150-250 (e.g. 200). This length should be shortened in
the event of occultations.

- the IDT/SM file lengths should be synchronised (720/722
in the present text, to take account of RTAD star
crossings, is not necessary for the DRC).

- the SOS report (p.26) needs to take account of POS -
how this is foreseen is not clear.

- 'additional data' should be accessible in the same time
blocks as the main data.

- the additional data file should contain (amongst other
items) the coordinates of the spin axes and their time
derivatives, together with the times at which thruster
actuations occurred.

van der Ha noted that ESOC will need to assess computer
availability etc. before committing to the precise formats
to be adopted. Since the ESOC view of GRTAD has evolved,
ESA now proposed to distribute RTAD data to the consortia,
without further attitude determinations derived on ground
(see Action # 9). ESOC intends to provide further details
of the telemetry content, indicating expected data volume,
and whether the data is likely to be (a) useful, (b)
possibly useful, or (c) not useful to the DRC.

The Project Team will produce a new version of the
document taking the results of the discussion into account.
An opportunity for a meeting between Consortia members and
ESA coud be foreseen later in the year.

15. Agreement

The revised version was discussed. Several detailed
comments were received. Main concerns were on the subject
of data rights. Perryman was of the opinion that any data
compiled or collected under the auspices of the Input
Catalogue should be distributed in the manner described in
the draft text. After some discussion it was agreed that
Perryman would draft a further version of the section
"Distribution of the Data within the Consortia"™ based on the
use of a short "internal proposal," since there remained
some controversy on how data should be distributed within
each Consortium.



16. Publicity Brochure

The following inputs would be submitted in addition to
detailed comments:

- Turon: details of INCA work
- Kovalevsky: details of data reduction work
- Lindegren: details of the analysis chain

17. Date of Next Meeting

The next meeting of the HST was provisionally arranged
for 2-3 October. At this meeting FAST and NDAC would give
presentations of the details and current status of their

Step 1 tasks.

\%l\(ﬂm}u W]

M.A.C. Perryman
30th May, 1984
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Ninth Meeting
of the
HIPPARCOS SCIENCE TEAM
23-24 May 1984
AGENDA

Status Report (Emiliani)
Status Report (Perryman)
Review of Past/Future Meetings (FAST, NDAC, INCA, TDAC, Proposal Selection)
Payload Status Report:

- Performances (van Katwijk)

- Optics/Grid (Ratier)

- Detection (Eggel)

- Modulation Coefficients — MATRA v. Le Gall (Kovalevsky/Wills)
ESOC Status (MIRD, MIP, OAD 263, orbital reconstitution) (van der Ha)
Calibration:

- Calibration status (Wills)

- Grid Calibration (Ratier (on ground); Zeis (in orbit))

- SM Distortion & Calibration

- C stars, MI/M2, etc.
In-orbit activities:

- Quick Look Monitoring (ESA-HIP-03631, Wills)

- Commissioning Tasks (Schuyer)
Dynamic Smoothing Specification (Schuyer)
Attitude Control Law - Donati proposal (Donati/Kovalevsky)
Report on LOGICA Simulation Results (Schuyer)
S0S Status Report:

- S80S Users Manual

- Global Observing Programme & GCR S/W (Perryman)

- Ground PSF Preparation (Creze)
Software Inventory & Simulated Data Exchange (Vaghi)
Conventions:

- Scanning Law (Lindegren)

- Use of Ecliptic/Equatorial Coordinate System (Kovalevsky)

- Weighting of Phases (Kovalevsky)
Data Formats (ESA-HIP-05375)
Agreement
Publicity Brochure
Any Other Business, Next Meeting, etc. To include:

- ST Calibration
- JPL involvement
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4.3

Approximation of State Vectors

Sychronous Orbit Parameters

The approximation of the state vectors (position, velocity) are
used primarily in the near synchronous and synchronous phases
as already mentioned. Typical orbit parameters for these two

phases are:

semi-major 42 164 km
eccentricity < 0.002
ineclination < 5°

Assuming an eccentricity of 0.002 the following heights are
derived

height of perigee 35 702 km -
height of apogee 35 870 km

The orbits will be almost circular, resulting in a uniform
movement with a periodicity of about 1 day. The uniform angular
velocity offers a representation of the parameters/components
versus time, which facilitates the running of the retrieval
program with respect to CPU time and subsequent core allocation.
In the case of a larger eccentricity the parameters should be

represented as a function of the anomaly, for example.

The perturbations (Ref. 27) for this type of orbit are significant-

ly smaller compared with the large J2 perturbations for the

transfer orbit. The short periodic perturbations are caused

mainly by luni-solar gravitation and are roughly of the following

magnitude:

semi-major axis < 2000m
eccentricity < 0.5 10_4

Ref. 27 - W. Flury: Station Keeping of a Geostationary Satellite ESOC

Internal Note 114
March 1973
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Because of the relatively small variations in the orbit
“parameters, the osculating elements/state vector can be.

approximated direct.

4.3.2 Representation of State Vectors

As already stated, the movement of the satellite is very uniform
due to the low eccentricity, and the short periodic perturbations
Hﬂ ﬂﬁ\ are small for the above-mentioned type of orbit. Because of
these conditions the state vector (position and velocity quoted
in the inertial equatorial geocentric coordinate system) versus
time can be approximated direct using the truncated Fourier
expansion (Ref. 28):
Given a sequence of state vectors x(t) referring to the time t,
this is approximated in the form
£ 7
x(t) =a+b (t-t) + ) (C cos M(t) + a_ sin M(t))

n=o

where

M(t) =n (t-t ), in which
o o
n, = mean motion and tb = epoch (reference time).

The numerical tests have shown that 10 coefficients (i.e. m=3)

are sufficient in order to have an approximation error of less

\ than 10 m in position and 10 mm/s in velocity using an approxima-
tion time interval of 0.5 days.

The computation is fairly simple, i.e.

1) Input state vectors referring to the approximation time
interval, select reference time t and compute the mean

motion n
o

Ref. 28 - J.M. Dow: Approximate Representations of the Elements of
Highly Eccentric Orbits
ESOC/OAD Working Paper No. 16
April 1975
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2) Set up the equations
3
x(6) =a+ble-t) + 3~ - {c cos M(t) +d_ sin M(t) }
n=0
y = (a, b, Crenns d3} _
'3) The matrix equation is obtained by the least squares approach
v = (ATa) "* aTx.

The inversion of the matrix (A?A} is computed by the Cholesky

method.

Unlike the transfer orbit representation with less stringent
position accuracy requirements, the near synchronous and the
synchronous orbits must be determined accurately. The required
position accuracy is of the order of 1-2 km. The inherent
approximation error should therefore be at least one order of
magnitude smaller, which can easily be achieved under normal
circumstances. The manoeuvre case, however, needs further

consideration. Again two possibilities exist, i.e.

- a constant time interval (defined for the whole phase), and

- a variable time interval.

In both cases the discontinuity in some components of the state

vector Welocity only) due to manoceuvres is taken into account by
adjusting the sequence for the approximation. The variable time
interval should be used in order to minimise the approximation

errors.

The sequence of the retrieval program for computation of the
state vector in the inertial coordinate system is very simple
i.e. given to’ ng for a selected set of coefficients for a given

time t

compute M(t) = no{t—to] and

evaluate

n=o0

3 ,
x(€) = a+ bt-t ) + 2 C, cos M(t) +d_ sin M(B)}

l

|
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and finally check whether the velocity components should be
adjusted for the influence of an orbit/attitude manoeuvre.
4.3.3 Numerical Results
The numerical performance depends greatly on the uniform movement
of the satellite, i.e. it depends on the value of the eccentricity
The smaller the eccentricity, the smaller the approximation error.
\;"\ In this case the approximation of the state vector was ascertainec
' for an orbit with
semi-major axis 42 164 km
inclination 4
The approximation time interval is 0.5 days with no manceuvres.
The performance (position and velocity error) is shown versus
the eccentricity.
Eccentricity Difference between Position error Velocity error
apogee height and (km) (m/s)
perigee height (km)
0.05 4 210 < 0.005 < 0.005
3__ 0.10 8 430 0.030 0.010
0.20 16 860 0.83 0.38
4.4 Sequential Storing of Orbit Parameters

Contrary to the two methods described above, which are intended
for use in the operational envircnment, this third possibility
is provided for off-line computations, of which the following

are considered to be typical:

- visibility studies for future spacecraft

- evaluation purposes.

Although integration of the orbit is performed in cartesian
coordinates, the orbit parameters are stored on a file, which

is primarily for reasons of compatibility with existing programs.
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