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WP3100: Preprocessing of IDT Data (Definition)

by L Lindegren

1. Principles and Terminology

The preprocessing of IDT data shall provide instantaneous and
simultaneous phase determination of the intensity modulationé
produced by the several stars observed in a frame. It is
achieved by separate harmonic analysis of the photon counts
belonging to the different stars, using a unique, assumed
attitude motion as reference. Due to the interlacing of obser-
vations, it can be assumed that low-order attitude errors (such
as a constant offset and a small rate error) will not signifi-
cantly bias the average modulation parameters., Indeed, if the
assumed harmonic signal model is good enough and an efficient
estimator used, the process should entail very small information

losses but some considerable data compression.

The sequence of photon counts (or equivalent) contained in a
frame is called the IDT count record: {Nk, k=1, 2, ..., NSAMP},
where NSAMP o~ 2400 is a fixed number. The non-negative number

Nk is the k:th sample. With each sample we may associate a time
tk (reckoned in seconds from TSTART), an object identification
number IDk’ and a quality index IQk' The last item should tell
whether the sample was obtained in analogue or digital (puls
counting) mode, and flag suspectedly bad samples (IFOV switching,
jet firing, particle event, ...).

Of course the complete arrays {tk}, {IDk}, {IQk} are not given
on the input tape, but they must be computable from available
data, e.g. on the attitude tape (for jet firings) or in a short
record accompanying each IDT frame, the frame schedule.
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The following table lists the Data Interface Descriptions (DID's)

relevant for the IDT Preprocessing:

DID# SOURCE DATA INPUT TO [DT PREPROCESSING
9 IDT Data frame schedule
(coded) count record

10 Star Catalogue astrometric data; B, B-V
11 Ephemerides barycentric motion of observer
12 Attitude Reconsti- attitude angles

tution
13 L.SD Data a priori large-scale distortion
14 SSD Data small-scale distortion table
DID# DESTINATION DATA OUTPUT FROM IDT PREPROCESSING
15 IDT Signal signal parameters

Catalogue and covariances
16 OTF Data updates of modulation coeffi-

cients and shifts (My, My, vz)
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3. Process Description

The IDT preprocessing is here broken down into fqur parts, to

be executed in sequence:

(i) collection of input data;
(i1) computation of reference grid coordinates;
(iii) estimation of signal parameters; '

(iv) output

3,1. Collection_of input _data
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The process starts by reading one frame from the IDT data tape
(although in practice many frames will probably be contained in
a single physical record). This consists of the frame schedule
and the coded count record, The form of the frame schedule is
sti1l1ll undefined and will depend e.g. on the adopted observing
strategy, but for illustration let us consider the following
format adequate for a simple regular (cyclic) IFOV switching:

IFRAME = frame identification number {4 bytes)

TMID = frame mid-time (6 bytes)

ID(Y) = object identification no. {4 bytes))
IFIELD(I) = field index

MODE(I) = detection mode (1 byte) ; foiol1;
LAST(I) = last sample of first dwell (1 byte) |

period on star no. ID(I)

total: 70 bytes

This assumes that at most 10 stars are observed in a frame, that
a fixed recoxrd length is required, and that 'bad' samples are
not individually flagged. The numbers LAST(I) and ID(I) obvious-
ly allow the sequence {IDk} to be reconstructed; similarly we
obtain {IQk}, possibly with input also from the attitude tape.

Next, the coded count record (1 byte per sample) is decoded and
possibly scaled (for the analogue detection mode) in order to
create the count record {Nk}. This may then be split into
separate arrays for the different stars, but the original sample
number (k) must be kept track of.
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The astrometric and photometric parameters for the stars ID(I)
are fetched from the Star Catalogue, which at this stage is
identical to the Input Catalogue; from the Ephemerides, the
barycentric motion of the observer [ROBS(K), VOBS(K), K = 1 to 3]
at three successive frame mid-times (TMID~-TFRAME, TMID, TMID+
TFRAME) ; and from the Attitude Reconstitution the attitude angles
az, 62, w at the same three instances, and the time of any
attitude rate discontinuity (jet firing) that may have occurred

in the interwval.

3.2, Computation of reference grid coordinates Ek
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The subset of the count record referring to a particular star
will be Fourier analyzed with respect to the reference grid

coordinates {Ek} computed from available data on the star's

position, the attitude, and the field distortions {(including
small-scale distortions, SSD). This will eventually give an
estimated phase error (53) from which an 'observed' mean grid
coordinate is computed as G_ = ﬁ: + 33/(2ﬂ), where subscript
k = INT((NSAMP+1)/2) refers to the mid-frame sample (tK = TMID)

‘and the asterisk signifies a smoothed grid coordinate, i.e.

excluding the SSD., From this it is clear that a constant error
in ﬁk will have no effect on the final result, and so the
computations need not be rigorous as long as the neglected
components are constant (to some”b.1 mas) in the frame and
absolutely less than about 0.1 as (in order not to contribute
unnecessarily to the slit ambiguity problem). Thus, gravita-
tional light deflection, for instance, need not be included in
the computation of Ek.

The smoothed grid coordinates at the frame mid-times, 5:, are
thus obtained in analogy with Gcat in the Set Solution (see
NDAC/LO/001: Set Solution - Definition), only with some
simplifying approximations. This applies to stars and asteroids
alike. Iﬁterpolatiné between the fréme mid-times, we then
obtain smoothed grid coordinates for each sample (5;); finally,
applying the small-scale distortions yields the desired

reference grid coordinates: E% = E; + 8G(n, ¢). -

It may be convenient to process some 10 - 20 frames in a batch,
since data related to adjacent frames are anyway needed for the
interpolation. This will also permit more accurate interpolation
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of the grid coordinate (or attitude), especially in presence

of discontinuities.

3.3. Estimation of signal parameters

P i - ———

In Annex A to the NDAC Proposal, pp. 27 - 30, two different

formulations

of the signal model were discussed. O0Of these, the

second formulation {using the parameter vector B, Eqn (A.10.11)]
is the more general one and adopted in the following. Thus, the
expectation of the IDT sample value is written

E(Nk) = 81-sz[cos(Hk+B3)-FB4cos(2Hk+283)-+Bssin(2Hk+283)] (1)

where Hk = ZU.frac(Gk).

The estimation process follows the Maximum Likelihood (ML)

principle, assuming Poissonian count distribution; some mechanism

for automatic rejection of grossly deviating samples must however

be incorporated in the iterative adjustment. The basic formulae
for the ML fit are (A.10.2}) - (A.10.5); see also "Further Details
on the Scientific Data Processing" (Lindegren, 1980 Febr 22) .

The initial approximation 8

(0)

is computed from an unweighted

least-squares solution of the five conventional Fourier coeffi-

clients.,. {In

the 1980 note it was suggested that 'statistical

weighting"(Nk+1)_% be used for the initial approximation. The

experiments reported in NDAC/LO/004 (Test of IDT Preprocessing

Algorithm) indicated however that the unweighted least-squares

solution should be preferred, at least for small Nk‘]

The ML fit will result in the 5-vector of estimated signal

parameters (E) and an estimate of its covariance (gf1). The latter

being a symmetric (5,5)-matrix, the result will thus consist of

20 real numbers per star per frame. Provided the signal model

(1} is adequate, these will in principle contain all relevant-

(photometric
model fit we
accepted and

Depending on
set (277, B)

be preferred.

and astrometric) information. As indication of the
may add e.g. the chi-square and the number of samples
rejected.

the formulation of the Location Estimator, the data
may not be the best output; some equivalent set may
E.g. {A,10.14) indicates that the information

‘array (normal equations) (9, QB) is more convenient. If the
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square~-root information formalism is adopted, the output would

be the data equations (2%, Qéé), where 9% is the upper-triangular
Cholesky factor. A priori data, (9—%, Q_%E), are then
incorporated by means of the Partial Triangularization algorithm
{(Annex A, Appendix C) instead of the analytically equivalent
(A.10.14). It may be noted that a different indexing of the
signal parameters may then be advantageous: e.g. 85 should be the
most frequently needed parameter [probably the signal phase, 83
in (1)1, since its solution from the data equations requires the

least number of operations (one division).

3.4. Qutput

The main output of the IDT Preprocessing consists of the signal
parameters with covariances etc, which are stored chronologically

on the IDT Signal Catalogue.

For stars whose data in the Star (Input) Catalogue satisfy certain
criteria (e.g. brightness, non-multiplicity, known B-V), the

estimated parameters 84 = (M2/M1)cos(v2) and 85'= (M2/M1)sin(v2)
are stored on a separate file together with thgir covariance, the
star identification number, time of observation (TMID), mean field
coordinates (ﬁ, E, £f), and colour (B-V). This file is later |
processed into a 'calibration table' from which a priori values

of (Mz/M1)cos(v2) and (Mz/M1)sin(v2) can be computed as functions
of time, field coordinates, and B-V. These values are needed with
the Location Estimator to obtain improved signal phases and for
the detection of multiple stars.

For the photometry, and also in order to monitor the instrument
e.g. with respect to the focus, it is also desirable to estimate

and output M This can be done directly for very bright stars

for which th; background is negligible; otherwise it will be
necessary to estimate also the background by comparing stars of
different brightness. The procedure for this remains TBD, but we
assume that the OTF output will consist of the three parameters
M1, (M2/M1)cos(v2), (Mz/M1)sin(v2) [= OTF(K), K=1,3] and co-
variances. -
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