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Sixteenth Meeting of the Hipparcos Science Team

ESTEC, 14-15 July 1987

Attendance:

HST: Dr M. Crézé, Dr. M. Grenon, Prof. M. Grewing (first day only), Dr E. Hgg, Prof.
J. Kovalevsky, Dr F. van Leeuwen, Dr L. Lindegren, Dr H. van der Marel, Mr C.A. Murray,
Mr R.S. Le Poole, Dr C. Turon.

(Prof. F. Donati was unable to attend)

ESTEC: M.A.C. Perryman, R.D. Wills

H. Hassan, G. Ratier, K. van Katwijk, M. Schuyer, T. Batut (part time)
ESOC: J. van der Ha, A. Schiitz

MATRA: J. P. Gardelle was invited but unable to attend
Agenda: the Agenda given in Annex I was adopted

1. Project Status Report

Hassan gave a report of the overall technical status of the payload and spacecraft. Problem
areas included the thermo-mechanical distortion between the gyros and the star mappers,
and the distortions of the mirrors leading to a differential defocus between the two fields
of view. Both topics would be dealt with in further detail during the meeting.

The satellite was on schedule for a Flight Acceptance Review at the end of February 1988.
A Qualification Results Review was presently ongoing.

The recently published Arianespace Launch Manifest had placed Hipparcos on launch V 33,
scheduled for April 1989. The flight of V 19 was presently expected for 8 September 1987.

The HST members were naturally disturbed by this major delay in the launch date. Letters
would be drafted by the consortia leaders for submission to the Director General via the
ESA D/Sci.



2. Project Scientist Report

Perryman reported on the status of the outstanding actions from the 15th HST Meeting,
and from the Third Selection Committee Meeting. Concerning the former, an action on
ESOC to include reference to the current value of {1y and &, was awaiting the next issue
of the DDID and is recalled as Action 1. Guidelines for consortia involvement in payload
switching procedures during commissioning and routine operations had not been provided
by Grewing, and this action was dropped.

On this subject, Perryman noted that he expected the following procedures for DRC/ESOC
interaction to be followed: all information on payload calibration (whether arising from
ESOC, SRL/FAST First Look, or the DRCs) would be circulated. Any party discovering
anomolous or undesirable data features would flag this to all other involved parties via
the Project Scientist. If considered, a meeting (or electronic mail discussions) would be
held with ESOC, and recommendations made to ESOC who would then implement them
if they were in agreement and if considered acceptable in operational terms.

Concerning actions resulting from the Third Selection Committee meeting, only actions
taken by INCA members had been completed, while nothing further had been submitted by
the Committee Members. Perryman would write to Professor Blaauw, copied to members
of the Selection Committee, summarising the action status (action completed 16 July).

Perryman informed the HST that Dr Wilkinson (Jodrell Bank) had expressed an interest in
observing Hipparcos radio objects with Merlin or with the European VLBI network. After
consultation with the consortia leaders, this request had been approved, and Dr Argue
had subsequently sent the list of relevant objects to Dr Wilkinson.

The draft slide set was reviewed by the HST and a series of comments were made on the
slides. These would be implemented by Perryman, along with written comments on the
accompanying description received before the end of the HST meeting. Comments were
received from Grewing, Grenon, van der Marel and Turon, and were subsequently included
as proposed.

3. Payload Aspects
Van Katwijk presented the payload overall status report (Annex II).

Ratier presented his updated paper on the F11 grid calibration report (ESA-HIP-09894,
Issue 1, Rev. 1) and distributed copies to van Leeuwen, Kovalevsky, Lindegren, Le Poole
and van der Ha (Annex Illa). A memo with replies to all consortia comments was also
distributed (Annex IIlb). The CSEM Measurement Report (TPD-HIP-GRD-MR-199),
detailing the location of all blemishes (complete to ESA/TPD knowledge) was also dis-
tributed to Kovalevsky, van Leeuwen and Lindegren. The DRC would read and provide
comments on the ESA-provided tape (Action 2). Ratier also announced that he would be
distributing a full report on F9, for information.



Ratier provided details of the present straylight status (Annex IV). For the earth a longitu-
dinal interruption of 21 degrees (cf a 24 degrees specification) and a transverse interruption
of 16-17 degrees (cf a 13.5 degrees specification) were currently predicted. For RTAD, an
interval of about 18 degrees between two occultations would be obtained, sufficient to al-
low IDT observations in this interval. In reply to a question from Kovalevsky, van der Ha
noted that shuttering is done on the basis of earth/moon ephemerides and the NSL.

Van Katwijk presented details of the PFM photometric calibration plans (Annex V). The
results of the PFM photocathode homogeneity measurements were much better than those
of EM, and the best-fit quadratic surface had a residual of 1-2 per cent. IDT detection ef-
ficiency measurements on a finer grid were passed to Kovalevsky, van Leeuwen and Grenon
after the meeting (Annex VI). Van Katwijk noted that the calibrations on an 11 x 11 grid
might, if time was restricted, be requested to be reduced to an 8 x 8 grid, but in this
eventuality Grenon and Kovalevsky would again be consulted.

Wills presented some details of the problems of the thermo-mechanical distortion between
the gyros and the star mapper (Annex VII) which might impact on the DRC’s (especially
NDAC’s) method of attitude reconstruction. Van Leeuwen requested an indication of
the model used and the amplitude of the effects. Wills would supply this information
(Action 3).

4. ESOC Aspects

Van der Ha presented his note on on-ground datation errors (Annex VIII). The conclusion
was that the specifications for the relative and absolute time datation errors were easily
met, and that the DRC would have to account only for the time of propagation between
the satellite and the ground station.

A proposal for a comparison of orbit data interpretation, which had been suggested by
Kovalevsky, was made by van der Ha. Kovalevsky insisted that the outputs be in different
reference systems (viz. the mean equatorial system of date, and the J2000 equatorial and
ecliptic system). The simulated orbit and eclipse data files would be sent by ESOC to
CERGA, RGO and ARI (Action 4). These data might also be included in the next level
of the test data tape.

Van der Ha presented the status of the DDID. Kovalevsky urged that some further details
of the house-keeping data contents are provided. Van der Ha would send relevant data
from the HUM to the DRC (Action 5). Van der Ha distributed the calibration ‘annex’ to
the DDID prepared by P. Davies (Perryman also forwarded this to Pieplu, CNES after the
meeting). Any comments on the present DDID should be made in time for a discussion to
be held at the next HST meeting (Action 6).

Van der Ha presented the status of the test data tapes. Number 2 had been distributed in
June, although it had not yet been received by RGO. (After the meeting, Perryman was
informed by CNES that the tape they had received appeared to be empty. This fact had
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been forwarded to ESOC. If confirmed new data tapes would be despatched by ESOC).

Van der Ha stated that a test tape 3 could be available by about January or February 1988.
At this time, IDT/SM and other payload data simulated by ESOC would be available
(along with some orbit data, observation reports and timing information, but probably
without payload monitoring data). A comparison procedure based on the consortia’s
interpretation of the tape contents would then have to be set up.

Perryman made a propsal for numbering of objects in payload chromaticity calibration
mode (Annex IX) which was accepted by all parties.

The HST requested that the next HST meeting included a presentation by ESOC on the
status of the payload monitoring activities, and a description of the type of simulated data
that ESOC was preparing (Action 7).

5. Data Reduction Aspects
(a) Double Star Law for INCA:

Kovalevsky presented his concerns on the IDT IFOV piloting strategy for double stars, as
proposed by Lindegren. Kovalevsky’s suggestion was to point to the centre, rather than
the photocentre, of the double system up to a magnitude difference of 3 mag, when only
the primary would be targetted. Lindegren had no major obsjections to the proposal of
Kovalevsky. Lindegren and Séderhjelm would reflect on the proposal (Action 8). If there
were no new suggestions, then Kovalevsky’s proposal could be adopted at the next HST
meeting. Turon did not object to this schedule.

Le Poole suggested that the DRC considered ‘de-pointing’. The HST listened to Le Poole’s
proposal, and while not enthusiastic, would be at liberty to reflect further on the subject.

Van Leeuwen commented on the observation of double stars near the edge of the FOV
— the geometry would change as the primary or secondary moved out of the FOV, while
the other component might remain observable. After a brief discussion it was agreed that
the best way to handle this problem was for the DRC to discard such data, rather than
consider any modification to the way in which the PSF is constructed.

(b) IDT Data Treatment Report

Murray presented his report on further work on the IDT data processing, which now
contained variations in the spin rate, and velocities about all three axes. He noted that
minor planets will not be treated if they are ‘partially observed’.

Van Leeuwen said that NDAC were going in a direction where they may only use the
3-parameter solution for double star treatment, not for the photometry or for estimating
phase errors.



(c) SM/Attitude Treatment Report

Van Leeuwen presented the progress of these tasks within NDAC (Annex X). Simulated
data had been sent to Utrecht, and Schrijver had already sent some results of his processing
of the data back to van Leeuwen. A more detailed comparison of results would take place
later.

(d) Great Circle Treatment Report

Van der Marel presented a status of some activities related to the GCR processing (An-
nex XI). A comparison note had been drawn up and distributed, and comments should be
provided before 15 September (Action 9) in time for a new note to be produced before the
next HST meeting.

e) Comparison
(e) P

A time schedule for the comparison tasks was set up (Annex XII).

(f) Software Readiness Review

The document prepared by Perryman was discussed. Inputs from Kovalevsky/Lindegren
(Section 1), Murray (Section 2), van Leeuwen (Section 3), Lindegren (Section 5, includ-
ing astrometric parameter solution) and Kovalevsky (Section 6) were requested before
September 15. This schedule would allow distribution of a new draft by October 1, a first
round of consortia completion before October 30, and a discussion of the conclusions of
this preliminary exercise at the next HST meeting (Action 10).

(g) NDAC Status Report

Van Leeuwen reported that successful transfer of data had taken place between RGO
and CUO/DSRI. Petersen has completed a geometrical GCR package, not fully tested.
Dynamical smoothing would be implemented soon. Lindegren reported on the NDAC
interfaces and software status at Lund (Annex XIII).

(h) FAST Status Report

The DCMS is expected to be ready in September 1987, with integration of the other pack-
ages (mostly written) starting in October. Reception and preparation of data (including
manual and automatic selection of RGC poles and end points) was expected to be in-
tegrated in November. The outputs of simulations should be functioning in September.
The SM/IDT work stopped about 3 months ago, but should re-start in September. The
magnitudes package was due in January/February 1988. GCR reception is due end 1987.
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Kovalevsky thought that the rms on the RGC origins in the sphere reconstitution was
still too large (1 milli-arcsec), but studies were still going on. The astrometric parameter
package (Heidelberg) was completed, but not yet transferred to CNES. There are still
problems with the double star treatment, with work ongoing in Bari and CERGA. The
decision on who would do the final analysis was not yet made — probably it would be either
Torino or Padova.

The calibration package is due to end at end 1987. Photometric calibration of SM, IDT
and SSR has been completed. Geometric calibration of SM is still ongoing, using IDT
data and SM crossings of vertical slits. The fellowship position of Miss Gonano ends on
1 October: a final meeting would take place in September, organised by Vaghi.

The work on alternative sphere reconstitution in Italy depends on the 5-year funding plans
of CNR: if approved, it would be run at Pisa.

(i) TDAC Status Report

Hgg reported on the progress of the Tycho analysis definition (Annex XIV). Companion
recognition will now take place outside the 12 arcsec boxes, out to a box size of 60 arcsec
centred on the TIC star positions, and down to 0.3 mag brighter than the Tycho limit.
Serendipity recognition will, in consequence, be less important, and may not even take
place. Hgg was considering the publication of TIC3, based on the first year of observation,
perhaps on microfiche, and in a format not necessarily related to that of the final Tycho
Catalogue. Positions would be good to about 0.15 arcsec, and the catalogue could be
available mid-way through the mission.

(j) Miscellaneous

It was agreed to dedicate part of the next HST meeting to discussions on photometry —
this should cover the main mission as well as Tycho photometry. On the suggestion of
Kovalevsky, Mignard would also be invited to participate in these discussions. Perryman
asked that Grenon be given the possibility of a full overview of the entire photometric as-
pects, including Tycho, Utrecht, etc. Grenon remarked that he planned some coordinating
work after the Liege PFM calibration results were available.

Turon asked about the status of the IC1 within the data reduction consortia. Van Leeuwen
said that he had read the IC1 tape, without problems, and that the data would be incor-
porated in the RGO simulations in October. Kovalevsky remarked that Falin is writing
the software to read the data tape, and that a report would be issued on this subject at
Sitges. Lindegren remarked that he was using IC1 for the sphere simulations. The double
star annex catalogue was also being used for some statistical work at Lund. Lund had no
comments on the catalogue so far.

Lindegren proposed that the comparison of the determination of star positions be for-
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malised (some comparisons had already been carried out between Lund and Heidelberg).
Lindegren would provide appropriate inputs for this to be set up (Action 11).

(k) Data Publication using Optical Discs

A proposal had been made by Perryman, and distributed to the HST before the meeting.
Le Poole and Turon presented results of some measurement work carried out by Astroscan
(Leiden) and MAMA (Dr Guibert, Annex XV) concerning the trade off between field size
and pixel size. It was evident from the discussions that the trade off depended on the
application foreseen for the data — if finding charts for small telescopes, a large pixel size
(up to 160 micron) was considered possible by Turon. If the data were to be used to study
the environments of the Hipparcos stars, the 25 micron pixels of the ST GSSS (for the
majority of the plates scanned) were desirable. Van Leeuwen pointed out that if finding
charts were the main application, this could be achieved using filtered images, representing
objects as circles with a radius dependent on the star’s magnitude. HST would reflect on
these points, and Perryman would continue some investigations with people at ST-ECF
(Miinchen) working on optical disc catalogues.

7. Input Catalogue Aspects

Turon presented the status of the INCA /ESOC interface, and a debrief of the working
group meeting that had taken place on 13 July (Annex XVI). The minutes of the interface
meeting would also be distributed to all HST members by Perryman. The question of
ESOC updates of the Input Catalogue was discussed, after which it was agreed that the
procedure of deleting an incorrect entry and adding a new star with the next available
INCA running number was appropriate. Turon’s current estimate of the Input Catalogue
size was 118 700, based on present simulation results, although this should be an upper
limit to the final contents.

Turon informed the HST that Arlot was now involved in the Input Catalogue Consortium
to work on the preparation of ephemerides of planetary satellites. Some correspondence
had taken place between Arlot and Lindegren concerning the choice of these objects. A
supplementary proposal was in preparation to cover this topic, with Arlot as principal
investigator, and including Lindegren (if he was in agreement) as co-investigator.

Turon outlined some first thoughts on plans for the publication of the Input Catalogue.
It apppeared feasible to do this in printed form (Annex XVII). Turon would investigate
publication by the Paris Observatory, and Perryman would investigate in parallel with
Longdon ESTEC (Action 12).

8. Miscellaneous

(a) Publicity status: Perryman said that copies of all printed material were still available
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through him. The work on a film was proceeding at a low level. Murray noted that a Sky
At Night television programme was presently scheduled for December 13.

(b) Consortia brochures: a schedule for a draft of the INCA document, to be ready in
time for Sitges, had been drawn up. Only a handful of contributions had been received by
Perryman so far — these had all been through a ‘first pass’ editing, and had been returned
to the original authors for their comments.

(c) Agreement: Grenon raised a point of concern about the means of access to the Tycho
data. This prevented the signing of the Agreement at the meeting. Grenon would discuss
these concerns with Hgg, and a proposal for the revision of the Agreement, if necessary,
would be made before the next HST meeting by Grenon (Action 13).

(d) Radial Velocity program: Perryman had received a proposal submitted by Dr Griffin
(Cambridge) to the SERC for the construction of two telescopes dedicated to the radial
veolcity measurements of Hipparcos stars. After a brief discussion, it was suggested that
Perryman write to Dr Mayor to establish his views on the proposal before submitting any
recommendations to Dr Griffin (action completed on 16 July).

(e) IAU preparations: Turon thought that a preparation of the INCA work might be made
at the 1988 IAU meeting. The consensus amongst the HST was that no other Hipparcos-
specific presentations would be appropriate at that time.

9. Areas of Concern

Le Poole expressed concern about the internal problems that were known to exist within
FAST concerning the participation of CSS. It was felt that, at some point, this issue
might become a problem for the project in general, and not simply FAST — for example
concerning simulated data comparison, preparations for launch, etc. Kovalevsky felt that
this problem might be cleared up in the near future, but that ESA would be informed if
it appeared that the problem was not being solved.

10. Future Meetings

The next meeting of the Hipparcos Science Team would take place on 16-17 November,
to be followed by a one-day meeting of NDAC (Perryman noted his unavailability on 19-
20 November). Hassan invited the HST members to hold this meeting either at ESTEC
or in Toulouse, depending on the location of the PFM at that time.

M.A.C. Perryman, 16 July 1987
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Annex I

Agenda
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Sixteenth Meeting
of the
HIPPARCOS SCIENCE TEAM
ESTEC, 14-15 July 1987
(Start of meeting: 09:30 on 14 July, Room 32004)

AGENDA

1. Project status report (09.30-09.45) (Hassan)

2. Project Scientist report (09.45-10.30) (Perryman)
- Selection Committee meeting debrief/action status/etc

——— Interval to inspect slide series, etc (10.30-11.00) --———-
2. (cont.) HST response to launch delay (11.00-11.15)

3. Payload aspects (11.15-13.00):
- payload status report (van Katwijk, 15 min)
- grid calibration report (Ratier, 15 min)
- straylight status/occultations (Ratier, 15 min)
~ PFM photometric calibration plans (van Katwijk, 30 min)
- thermo-mechanical effects on attitude (wills, 30 min)

4. ESOC aspects (14 00-15:00) :
on-ground datation errors of TM data (van der Ha)
- proposal for comparison of orbit data (van der Ha)
- DDID and test data tape status (van der Ha)
- notation for stars in chromaticity GCR mode/dummy stars

5. Data Reduction aspects (15.00-17.30):
- double star law for INCA (Lindegren, 15 min)
- IDT data treatment report (Murray/van Leeuwen, 60 min)
- SM/attitude comparison progress report (van Leeuwen, 45 min)
- GCR comparison progress report (van der Marel, 30 min)

715 July

6. Data Reduction aspects, continued (09.00-11.00)
- Software Readiness Review discussion (Perryman, 45 min)
- NDAC/FAST/TDAC Status Reports (Hog/Kovalevsky, 60 min)
- data publication using optical discs (Perryman, 15 min)

7. INCA aspects (11.00-13.00):
- status of INCA/ESOC interface: debrief (Turon/Schutz/Wills)
- planets and satellites - BdL involvement: debrief (Turon)
- proposal for publication of Input Catalogue (Turon)

8. Miscellaneous (14.00-15.00):
- publicity status (film, ESA brochures, poster, slides)
- consortia brochure/Agreement
- radial velocity programs

9. Any other business, future Hipparcos meetings, next HST meeting



Annex II
Payload Status
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Annex III
Grid Calibration Report
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CQ' oolec HIPPARCOS

MEMO
from: G.Ratier (ESA/ESTEC) date:13 july 1987
to: HST members : JKovalevsky,L.Lindegren

M.A.C.Perryman
c/o HIPPARCOS Project team:K.van Katwijk, T.Batut,S.Vaghi, RWills

: on ESA-HIP- 4 (issu :
Geometrical calibration of HIPPARCOS flight grid unit (F11)

EAST (JKovalevsky):letter 13-5-87

-MSI data for star mappers are based on 8 measurements per
scanfield. Only the averaged value is given in the ESA report,
but data could be made available on special request. However
the accuracy obtained on a single slit measurement will be
significantly worse than for the whole scanfield.

-Coordinates of blemishes are not available on tape (and it is not
the intention of ESTEC to perform this task I). The size is
roughly indicated in the column "Histogram” and the nature of
each defect is reported in column “Notes".

Photographs of a few major defects have been taken by CSEM

and are available in reference 10.

NDAC(L.Lindegren):Letter 26-3-87

-2) Definition of scanfield indices given in 1985 by S.Vaghi is
now obsolete.(ref his memo dated 26-5-87).

-3) Sign of the M.S.1.:There is no inconsistency between figure
42.b and the table given page 81. Updated figure in issue |
Rev1 should clarify this point.

-5) page 37:The figure has been modified.

-1t is really a pity that there no better coordination for
definitions in various documents,such as MAT-HIP-7697, but
this is out of the scope of the present report..Your comment
should be re-discussed separately.

MATRA(J.P.Gardelle):FAX n® 392.87
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PFM Straylight Performances
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PFM Phtometric Calibration Plans
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Annex VI
Homogeneity Maps of PFM1/PFM2
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Annex VII

Thermo-Mechanical Distortion



— @ MATRA ES5PLG

8 = =
B ».m%
g
: 5
SRR
s L.e

8
g
8
N N - :
N e e :
N Pl - B ek TR ¢
b ] 8
\y ol : | B
c 2 S - 2
I.O -
M o .ﬂuiui_wul m.m
9 g 8" — = g
Q uﬂu g- = .
E Nll.l.l —— l_lm.—ll.|ll - e e——— - — z-_u — e » = Wll m.T
o s i 5
- g —~ g =]
o X e s = T
Y 3 = i = )
Q S g Mf/ ~J o
8 : g = s
N . i
ﬁurJT/t 4 ¥ -
= - g e
>~ .h“ © MJ.. m..
3 . = 2
\1I..|1nw. 3 ﬁl.”u:l. ©
&ll a wj ||...l..ll.l|!.\l..“ll
I ——— e
) L] . Y - lo 3
0°0 0 muun\o%umuman_uu VQ 90°0 -9 00" 009 4 00 00-9-°
Page n° J-2 Date 20-£ 93




| [
| % 5 \;\5 90 ..\w%eh\nu

e -

45 Qﬁﬁ s

.uu...%ah&n\ ﬂ, \.
Avo Ag N\\\\Q \r\\.‘.\m} -mmmw\\m \wnmm)*x\\\ .\.\vi\SE psou L~

e=xpe) 7

X5t
e Tr %q&\
b_w\ xu\w
PP mu qu &Q\\\Qa\Q&ﬁ\ N\R
ol o 14 D)
m\k\u h.\! \.&Q\..
WP et p \ \
‘ :w
%Mw.. rypmjodn 2 Mmma\\wﬂ
\_6%\%\ s1x0 )y

H oY cyddt 18212 OOH L 770N

28] AN S —




Jaquneo

Swilag
7 Ss93aw dgun\

W21 234402 34t P I Y P2uA0D

3o wopoqmbue)

N
4 w”u\u‘ we 294,02
dpmy e c\s&wxq Yoy o B
7180/ ) 0\5% o
ya P
A q# L <
W
” +
/ X1 490w
uary2aosd
PIYO  JONYAln

£ e Sn...\\..o.PxQ\
.K..........Cuueun\mLax 0\.%%

Q\S&.ﬂﬁn w.du\_v_‘ Adra hxhn.h.

._udcb.u, ﬂ.t.hm.

H\.G.S\GLQ Lmn\Q.drc \G.uh



aleqg

..m ou abey

Nm\nn‘.\h % n\\w\h\\ﬂu\ ...

m\\\\xu\ﬁx TOoNYOUOI  2MINVIHD2Y

Moz \&xm&q% moy = WP A
=7
prieer o St gy | T 0 Sl 22y = Ffo)
17"P o.\ 7 B
udirloyipe ewrdyy = e ¥
T HO0 d2r09U00

v z bqwx e U\QE.Q\S. Qm:% qdarey
l\.!mt wian) wam
).RW\ m\&é\& \\Qm o \w\%«\.&

e P —- \Aud”&.& ey 3 <
~ fe

Aﬂ e w\usﬂmm >
oM POy \\\ 14§07

-:%@QQ...Q \SKQ@%\ - MAY4O T
Yoy \\\9\\@ Ju10 -
routipe \\Sm dla -

ra)d \30.\

X7

/ WCUEV UL Vol AL 10 16U HL

VS VHINN ® —




5 ou abey

fg—_(‘oz ayeq

THCRNAL DIJTORIION — A-PRIDE w
£)7T 108 7 £
é\}
medell Withoo!  odle € B
RENAIVI Ve THERNAL DIITORIION Aot ;
dul - mode€
[n]
. AL N Y o ~7
’ I — ! \_/ - G//a
=
- AoAPIED  GARINV] P GAINS =
[
botnol wiodth - norie
Rol e pewer
| nolJe  power
[ - /’/ — P ' ==
ﬁl \ ib(a"f-‘n
leAvedion of RIAO  nelle PFI7  noire
OINT/ING  ACCURRACY
7/ 0.H om| | e/ | A3/ A3
(IRY 3.14 330 Ay | S$.i¢ [ 23
¢ ermpbfiect prepran )




Annex VIII

Data Errors of Telemetry Data
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Annex IX
Numbering of Objects - Chromaticity Mode
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Annex X
RGO/NDAC Status
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RGO/NDAC data flow diagram

Startup<L ESDC-tapesﬁL | NDAC simulations
=z

Contin.

=S0C--A60 interface

KLpiagn.i
Startup Data Calibr. Auxil.
—D —D Display —D
7
Int.files

<60 -data processing

————B Display YLpiagn.2,3.4
Startup Data P e <
I”“f{ffﬁ 460--JS3: 4G0-intern.
Diagn.Stl7 YLData VLﬂatal. YL tLDie;lgn.!:‘s
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A

.| Data ' display- facilities

1. SIGMEX 6164 .. high resclution . scréen -
'« . .¢ ~"intelligent device"
soev.Use s oo IDT, maini‘grid, attitude

2. Pericam . medium resolution screen
use Star mapper, calibr.

3. HP7473A j Hardcupyudggice, S!QQn&H
use : reference plots, calibr.

4. Canon laserp.:. Hardcopy device
use : reference plots, calibr.

Plotting interface : GKS, version 7.2

Devices can be interchanged




HIPPARCOS Attitude Reconstitution

Star Mapper data processing

Input data : 250 compressed B and V counts
Scanning velocity
Single Slit Response Functions
Predicted crossing time
Predicted intensities
Data decompression law

Main problems: Detecting and/or resolving
multiple transits (45%)

Finding undisturbed sky

Set acceptance criteria

Positional accuracies for single transits

CNT at B600Hz S.D. (mas)
>1200 3.1
1200 - 400 5.8
400 - 150 9.0
150 - 85 15.6
65 - 40 21.4
40 - 25 28.8
es -~ 418 37 .4
18 - 12 46.7
12 - 40 62.7



Star Mapper reduction

Reduction methods : Maximum likelyhood (FAST)

Iterative least squares (NDAC)

Position determination: B and V signals individually

B and V signals combined

Photometry s Fit of single slit resp.functions

Fit of single slit resp.functions

Sky determination s Pre-selected points around transit

all non-transit points used

Multiple transits : Reject if recognized

accounted for in reduction

Statistical tests 5 Unit weight variance tests on
star signal and background

Star signal significance tests

External comparison magnitudes

Internal comparison magnitudes
Applications : Accepted transits to attitude

photometric calibration and
catalogue updates

Sky measures to IDT photometry



Star Mapper comparison datsa

Source

NDAC/RGO simulation software

1. Photon-counts and transit data file

For each transit: 2%250 counts,
extracted in telemetry frame units

Reference to star catalogue for

transit star.
Relative transit time, SM used

Slitgroup, branch, Fov, crossing speed

2. Star catalogue file

Identifier, RA, DEC, B, V

3. Parasitic star transits file

All transit times and magnitudes
of the parasitic star crossings

4. Multiple SM crossing data file

Cross-reference table for parasitic
star crossings within SM counts

extracts.
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GCR Comparison Status



DUT /HvdM

STATUS OF THE GCR COMPARISON

LEveL | comrParisoN (45 )

® | UND DATA REDUCED BY COPENHAGEN AND DELFT
O EXCHANGE OF FORMATTED FILES WITH RESULTS

o CERGA pAaTAseT IIl (IWMITHIN 2 OR 3 MONTHS)

Lever II AnND III COMPARISONS

B PROPOSAL WITH THE PRINCIPLES. METHODS AND DATA EXCHANGE FORMATS
READY. OPEN FOR COMMENTS

O TRY OUT ON THE RESULTS OF A LUND orR CERGA paTaseT (LEVeEL DD

PRINCIPLES. METHODS AND DATA EXCHANGE FORMATS

COMPARISON ON IDENTICAL RGC's (As BEFORE. sSeEe HST rFres. 1987)

ABSCISSAE: — RANDOM ERRORS DEPEND ON THE SET OF STARS TO BE SOLVED:
ACTIVE/PASSIVE & REWEIGHTING INFLUENCE THE RESULTS
- SYSTEMATIC ERRORS (DUE TO NOT SOLVING THE TRANSVERSAL
COMPONENTS) ARE NOT VERY DIFFERENT
PROBABLY THE DIFFERENCE NDAC-FAST < TRUE ERRORS. BUT HOW MUCH?
INSTRUMENTAL PARAMETERS: DIFFERENT MODELS = CONVERSION

DATA EXCHANGE
AT MOST 4 FILES: ABSCISSAE. INSTRUMENT AND ATTITUDE. AND POSSIBLY
L.S. RESIDUALS
THE FILES CONTAIN ALSO THE TRUE VALUES (F AVAILABLE)
ATTITUDE FILE HAS THE SAME FORMAT AS FOR THE OGAR COMPARISON.
STANDARD FILE HEADER
SPECIAL TESTS ON SIMULATED DATA (ONLY ONCE OR TWICE):
1 WITH ERRORLESS OBSERVATIONS ® MODELLING ERRORS DUE TO NOT SOLVING
THE TRANSVERSAL COMPONENTS
2. ALL DATA ERRORLESS = REMAINING SYSTEMATIC ERRORS



DUT /HvdM
PreELiIMINARY ResuLTs GCR comMPARISON - |

simalation (Lund):

dataset I: 10.67 hours of observations, 1964 stars, ost,ar:l”s’

o ++=0'1, h = 0.1 [slits], g, = -50 [slits/rad]
typical for First Treatment

dataset II: FAST: as dataset I, but with os‘t,ar:U'
NDAC: 10.87 hours of observations, o =0"1,
star
oat‘t’ hm and g, 3as dataset I.
typical for Final Iterations
results:
dataset 1 dataset II
NDAC FAST NDAC FAST
. E 8
abscissae error
R.m.s. error [mas] 11.1 11.1 3.0 2.95
Max. error [mas] 60.4 -61.6 29.8 29.1
Number of slit errors 1384 1360 - -
normalized observation er'rwor'2>
before weight reduc. 1.428 1.427 1.008 1.005
after weight x‘ecluc.'cn 1.4086 - - -
remarks:

ha]
1) : 1 z
abscissae error = = 2 wi—E{wi )}, (n = number of abscissae)
1=1

m
A t 1 2 2
normalized observation error = / z £, /o*i s
=1

m-n .
1

with m the number of observations, n the number of unknowns,
£, the residual of the t "th observation after adjustment and

o, the a-priori standard deviation.

P 443+75+59 weight reductions were done in the last 3 iterations

(of a total of 6 iterations), the limit was 5.



error in the estimated instrumental parameters:

error = p - E{p} ,

of view. Units are [mas], [mas/mag] or [mas/6 hours].

dataset I
NDAC  FAST
half bagis angle def.
(h00,c0) -0.76 -0.01
t (=——3&1) -0.10
c  (d00,c2) 0.0 0.18
common fov def.
x , (210,a010) 0.12  0.39
.y (g01,a001) -1.28 -1.90
x| (g20,a020) 0.26  0.27
X'y, (gl1,a011)  -0.07 -0.15
v- (g02,a002) 0.57  0.41
ex  (c10,a110) 0.685  0.08
cy  (c01,a101) 0.33 1.06
X2 (---,2030) 0.22
Xy, (-—-,a021) 0.23
X'y, (-—,a012) -0.17
Yy (-—-,a003) 0.75

differential fov def.
x*  (h10,----) 0.38

vt (h01,----) 4,77
X4 (h20,———-) -0.31
x'y) (h1l—-)  -0.75

vy (h02,——-) -3.16
cx (d10,----) 1.10
cy (d01,-—-) -2.79

c = B-V -(0.5

dataset 11

NDAC FAST

~0.8 0.0

-0.01

0.0 0.0

0.10 0.10

-0.23 -0.29

0.06 0.05

0.05 0.06

-0.13 -0.17

-0.0 0.02

-0.02 -0.10

0.05

0.08

-0.11

0.19
0.77
1.52
-0.46
-0.32
-0.80
0.21
-1.01

computed at the upper right corner of the field

(mas]
[mas/6 hours]
(mas/mag ]

[mas ]
[m§SJ

[mas/mag]
[mas/mag]

[mfts]

(mas ]

[mas/mag]
[mas/mag ]



RESULTS (FAST) ON LUND DATASET "LOSIM3"

1. PROPERTIES OF THE RGC

1964 sTARs: 1697 BRIGHTER THAN MAG 10

5 REVOLUTIONS. 10.67h, 5 maJor capPs (1504 FRAMES OCCULTED)D
78300 GRIDCOORDINATES (OBSERVATIONS)

- ERROR IN OGAR ATTITUDE = O"1L

ERROR IN A-PRIORI STAR CATALOG = 1D

|

2. VERIFICATION OF THE FORMULAE
- RUN WITH ERRORLESS OBSERVATIONS AND A—PRIOR|I DATA
- RESULTS ABSCISSAE: RMS .12 MAS
Max. 52 mas

AL
052, ! ¥

H ! 1 1 11 1 1 i
H 1 2 11 2 ) 3 T 1
"é} +1 1 111 1 11i11 1 3 o ol e ) 1 1 1 1 111 +
.4 11 L2 2 1211 1 12 14 3 2 2 2 11 1 21 121 141 1112 H
M2z 1 211 1 < 1211 1111 13 2 21t 2113 2313 1 1 111 21 113 2 412124
221l 3l 11332 1 1 1 11 3121 12 2232111133321111311431114411121211 11 £ 4 22 2311 B853312322!
== & J112532322523562251111 11221 2312331141112352434563 2223 154222 12318 341 2 1 13312225115232142114324232412!
‘05 +413412111322 2381 1 323117 545052111323641442232 33142231113412511225626243322 11224385542 411284 45 254 212231 +
1221224348 2154 &7STEET S44352113422134 32543211561 1 &232323 25546556 -875+244 4334433234282263315235335248
3514312322321 SA2311134 543342125214413212522121125151&6322330221 1 S2 13332 4245146223 347462 15423110
134422321422 411 1 H 2 1111131312 141213231112112121322211 5121 23 1 11 11 121123311212742247113132311
231 31 1121 3 1 2 2 121 31 11 & 2222 1152 12 11 21331231 13212235311
- _2/ +1 411 1 31 1 2 1211 11 1331221 1 1231 215111 2112 21 +
t 2111 11 1 2 11 11 11 1 11 3281 1 11t
2 11 1 2 1 11 11 ! 1 11 11 1 11
Pl 21 3 1 1
} 1 1 1 1
- . i -
- 55 1 L 1 1

o 7e° 780" 2z0° 360

3. RESULTS ON THE STAR ABSCISSAE

— SEVERAL COMBINATIONS WITH ERRORLESS A—PRIORI VALUES:

RMS OGAR RMS STARS
PA 0 O PERFECT A-PRIORI
I 0" 0 ITERATION

F & i | ™ FIRST TREATMENT



— ABSCISSAE ERROR:

MODEL
RMS MAX ERROR

PA 2905 2948 =
I 2.949 2313 ho)
F 1134 -6159 10.7

MODEL ERROR DUE TO NOT ESTIMATING TRANSVERSAL ATTITUDE AND
STAR ORDINATES (VERIFIED BY SPECIAL TESTRUNS AND FORMULAE)D:

AAS
5 i : ;

1

1 i 1 1 11 1 !

i 1 i b i 1 1 i 1 1 H

2@ + 11 2 1 22 2 2 111 11 1 1 1 11 1t -
H 3 12211 1 i1 12 ! 11 22 111 i1 -1 1111 111 H

vi2 131 2 1 211111 1 11 213 1112 21 1111 2321 111 11 2 14 11131115 211 1 |

21 13 1 221 31 1t 1 22 221112481 31 341111211 32 12 2324322612 1212 4t 1 1 113 22 145223238424421131 231!
1347913544121 3232211154448 1432431221531 2314641167EVI348547344244325+3225 1 34234 25224341341221243431324+181463868+4++83410

- ’ +Bo=6T7 1453446440 44744122515 1436864482478460283TE+T 7T +==00==+8++7+4 3+ 203453248347 351 146255004 220633434141663+33++458++54T7F+T6+
11343354112 221121231 1 1 2 1133 122443322 2333322422535148357 13 32 25233133121211 1 12722341322 52 5 125513+1 13533211
35 42251 242 11111 1 2 3 21 132423212 1 21 1 111234 214343 1 1112 21 22 1 3811 112312 1 41 1}
11221 11 1 12111 1 1 1111 1112 111 1 11 12 111 I
x 1 11 2111 1 1 11 11 ; s 1 1 1 1 112 1 11 1 H
s + 1 1 H 1 11 1 i1 +
g, H 1 1t 1 1 H
i 11 11 1 1
H i % 1 i !
: . 1 1 !
- 60 - 1 1 +

: §
(o) g0° 100° 270" 2fo

- RESULTS PER MAGNITUDE CLASS:
7T

coMpenens of ST JFv ST . pev " TeuE" EppoR S

mag. #stars S_obs S_att S_instr |S_geom|| Eps_PA Eps_I Eps_F
2 1 0.52 2.36 0.14 2.42 2.53 2.28 277

3 4 0.42 2.1 0.18 215 Lt 2.08 4.8 |
4 12 0.53 2.30 0.20 2.36 1.47 1.62 12..3
5 28 0.55 2.15 0.18 2,22 1.40 1.43 8.9
6 52 0.65 2.16 0.18 2:..25 1.34 1.35 11.2
7 223 0.95 2.18 0.18 2.38 1.54 1.62 11.1
8 480 1.38 2,18 0.18 2.58 1.97 2.03 11.3
9 638 2.08 2.20 0.18 3.03 2.66 2.71 10.7
10 395 3.09 2.23 0.17 3.81 3.29 3.29 11.5
11 102 4.96 2.31 0.17 5.47 5.75 5.78 11.1
12 28 8.32 2.61 0.18 8.72 7.96 8.23 14.0
13 1 8.49 2.02 0.16 8.72 7.16 7.39 6.0
1964 2.49 2.2 0.18 3433 2.91 2.95 11.1




4 RESULTS ON THE INSTRUMENT

3 1
- STANDARD DEVIATIONS: .26 mas (v ). 20 mMmas (v) or < .18 mMAs
IN THE UPPER RIGHT CORNER OF THE FIELD.
— ERRORS: SEE "PRELIMINARY REsULTS GCR compPAarisON — 1"

5. SMOOTHING OF ATTITUDE DATA

— NOT SUCCESFULL: ATTITUDE NOT SMOOTH ENOUGH
RMS ERROR SMOOTHED ATTITUDE > 100 mMAs (709 B-SPLINES).
MAX ERROR 540 MaAs.

— EXPECTED IMPROVEMENT (FROM FORMAL STANDARD DEVIATIONS):
MAG. 7 STAR: 13 x
MAG. 9 STAR: 1.16 x

6. GRID STEP INCONSISTENCY HANDLING

STRAIGHTFORWARD COMPUTATION WOULD RESULT IN D23 INCONSISTENT
STARS (4731 SLIT ERRORS. NOT COUNTING THE SLITERRORS DUE TO THE
1400 STARS WHICH ARE SHIFTED OVER MULTIPLE GRIDSTEPS).

CONSISTENT RESULTS WITH:
A. PREADJUSTMENT
- SEQUENTIAL ANALYSIS & ADJUSTMENT OF A—PRIORI STAR ABSCISSAE
AND ATTITUDE (RMS ERROR IN A-PRIOR! INSTRUMENT = 20 MAS).
— REFINED GRID STEP ESTIMATION. UPDATE STAR ABSCISSAE FROM
FIRST OBSERVATION.
B. POSTADJUSTMENT (WITHOUT PREADJUSTMENT)
= SEQUENTIAL ADJUSTMENT (WITH MORE ROBUST ATTITUDE ESTIMATIOND:
TWO INTERNAL ITERATIONS WERE SUFFICIENT. NORMALISED
OBSERVATION ERROR GOES FROM 258. via 217 1o 143
- FRAME BY FRAME ANALYSIS (WORKS. BUT MORE INT. ITERATIONS)

PASSIVE STAR GRID STEP HANDLING HAS NOT BEEN USED.



Annex XII

Comparison — Future Plans
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Annex XIII
NDAC Interfaces
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Annex XIV
TYCHO Developments



Heidelberg

RTAD IPREDICTIE
G1, SM

CDS
Strasbourg

AIT
Tibingen

ARI

TYCHO Input Catalogue
4TIC

Star Mapper records

ISM

,ﬂlf\; NV £ ,‘( {‘_

\
S

Cuo
Copenhagen

AIT
Tibingen

Place of proces

5

lFlow of data

PGC
PGC > DETECTION
PGC TS RT -|PHOTOMETRY
Transit Raw calibration
i Summary Transits
OGAR _ |PGC IM-
G2 PROVEMENT prjovisional
B TS First Year parameters
f
PGCD _|TS IMPROVEMENT RT.] ASTROMETRY
+ calibration
RECOGNITION
TIC3 provijsional
PGCl revised TIC positions parameters
OGAR _|PGC IM-
G2 PROVEMENT
£ RT
PGCD3 TRANSIT
epoch " |IDENTIFICATION
corrections TIC3
Yy v
PGC TIC3 IT final
} # Identified |[PHOTOMETRY
final [PGC IM- Transits
OGAR |PROVEMENT
D TIC3¢
PGCD3A . ™final
ASTROMETRY]
TPC * '
TYCHO TAC
Photometric TYCHO
- weekly data flow Catalogue Astrometric
= monthly Catalogue
—— less frequent
Legend: TIC = TYCHO Input Catalogue
RTAD = Real Time Attitude
OGAR = On-Ground Attitude
PGC = Predicted Group Crossing epoch
PGCD = PGC Difference = epoch corrections
TS = Transit Summary
Gl,G2 = Geometric calibration parameters

Fig.

¥

TDAC Data Flow



72

ARI CDS AIT
;TIC(COI)
————— =1
Erediction_! s
-0 T~ EétectionJ
TS of Sem.1 I =
\
COl-Recognition TICZ -
WP9572 Optional In Sem.2
} before
TIClJ COl-Stars to Prediction| Sy-Recogn.
l
Add COl-Stars ?TICICOL
WP9573 .
TIC1COl1
l TS Sem. 1+2
_ FIn Sem.3
TS Improvement | TIC3(C02)
PGCD1 + T
Sem.1+2 TIC Recognition
|WP9520B
lRT
PGCD3 » Transit ident.
WPS540C

Fig. 3. COl-Recognition based on semester No. 1 iIs a parallel

]IT <

process to SY-

Recognition so that TICI + COl-Stars + SY-Stars will be used for prediction after

semester 2.

SY-Recognition is considered to be optional;

therefore be completed first.

CO1-Recognition is required and should



Sort + Merges are not shown. See old Fig. 4 in TDO071.

Fig. 4b. SY-Recognition based on Semester No. 1.
SYT, PGC-SY, ISY-TS and PGCDISY are produced for Sem. 1+2.

74

ARI CDs AIT
)
Place of process
TIClCO+SY
- = - - { ~ Flow of data tapes
IPredictiorll === -
i TS Sem.1l Detection
T r - - - - -
|
l In Sem.2
i SYT Sem.1+2 after
COfRecog.
TS Sem.1 WP9572
SY-Recognition
WP9526 to Prediction
SY-Stars TIC1COl
) TIC1CO+SY
RTAD Add SY-Stars
l WP9563
P
1
Prediction Y
WP9564 Transit Ident. ISY-TS
WP9565
PGC-SY TIC1CO+SY |[ISY-CTS TSY¥T
Sem. 1+2
TICSY »{TIC Recognition TIC2CO+SY‘_*_
CTS WPG520A Optional
OGAR [PGC Imp
WP9531B > In Sem.3
'I'IClCO+SY+ ISY-TS Sem.1+2
TS Improv. TIC3(CO+SY) _
PGCD1SY - .
Sem.1l+2 |TIC Recogn
J WP9520B
RT ISYT
r
PGCD3 [Transit Ident.
WP9540C
J
1P
S
Legend: ---- "dashed boxes" contains processes from the main data flow on Fig. 2.



file: tic3

TIC3 Catalogue, format on microfiche EH 87.07.09
TIC3 std.dev.
entry region star nr. RA Dec. Comp. x y B V ﬁy B V\ Cross ID
n i
1 - - - - 11 - - - - - - - -
2 - - - - 11 - - - - - - - -
3 i - - - 0 150005000- 0 - -0 - met Tyehr
4 B - - - 21 - - - - - - - -
L M
5 - ? - - 2 2 - - - - - - - —}
6 - - - - I 1 - - - - - - - -
7 - ? - - 1 1

- RA, Dec at observation epoch are in system J2000.

- Entry 5 shows a second component within a 1 square arcmin area centered on the TICl
position which is seldom, 5 5%, but its inclusion ensures simpler and safer identifications
for the user of the catalogue.

- X, y are relative rectangular coordinates: TIC3 - TICl (unit = 10 mas, zero = - 50
arcsec)

- 2000 000 stars on microfiche (~ 100 volumes) including all TICl stars. A tape includes
further information.

- Proper motions for about 400 000 stars by older positions may be derived and should be
given on separate microfiche.

- Entry 3: not observed by Tycho, hence n = 0. TIC1 data given

- Entry 4 and 5: two components observed by Tycho

- Entry 7: serendipity star, hence no relevant x, y




Annex XV
MAMA Results — INCA ATLAS



vV EX XX

INCATLAS

MAMA

4.) Resoluvtion : ,P;xe.l size JO{wr-. leDlu“
when Sc.anmng the P"""
‘oa lanes of 4 em (i-)

Z) Stored Lma%a.: PoSSl’n'e on-line comPreSs;on
—> Plxe.l Size = M ,20, 4-0} §0 far .

3) Imn.y_ wSvalization: color monitor : SIZ xS12
it Bh 47 [ns Ay b; nat 54¢) ahar Lma%t..s can
be wvisvalized at once.

] . . i

Pax'-‘vl Size }neh{?aor\e& -F:w b ai*‘des

the
reSulEs  “rom combination of‘ 2) dnd Thiz
tha& oFFareJ to tke. LSer Ir: 1 at

*
»

el Size g

".‘\‘f— mon\_:‘:of“

'+) Soalnm}sg speed :

S .
® resw\‘t (mil -34) : Ao PM&IS{S&COP\J (1°,u.m acc,w

(?or one Schmdt Pla&; abovt & koursj' A.5
hour at ZSP’"" reSolu{:fon)

o foreseen (4988) : > 2.10° o1 xels /Scc.ohi (’Iolu... acqu;.
(for one Schmidt p'al-e.: AL'ouf 2 hours; A
hour at 2S5 r.vm. D‘C.\'Solutlah_)

(*) 258 P.'h reSolu{:u.on I.S OL'EaI;\f.J La ro'taf:'oh o.F
the opt{cs .
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