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During the SAX Gound Segnent neeting held in
Bol ogna on March 21, the issue of FOI formats was
di scussed for a while, and a nunber of points were
consi derered [Ref. 1]

a) whether we should consider different supports
than 1/2 inch nagtapes for distribution (DAT tapes,
cassettes etc.)

b) whether, irrespectively of the support, we
should relax the requirenment of one tape per
experi nment per observing period

c) whether we should nodify our baseline for FOT
formats (as contained in the SDPUR docunent).

A full report on the discussion is beyond the scope
of this note, which is prepared in fulfillnment of
an action assigned to nme as a result of the

di scussion on itemc. | renmnd that this is just a
note representing the author's opinion : any
decision shall be endorsed by the GSW and
communi cated officially to ASI by the G ound
Segnent Project Scientist. | would however briefly

summari ze as foll ows :

a) the 1/2 inch tape remins so far the only
STANDARD nedium which can be read anywhere. The
i ssue of other supports is deferred to a future
when ot her nmedia standards would be  better
consolidated (this <could include also network
t ransm ssi on)
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b) it is possible that the requirenent could be
rel axed if space allows (this could be handled at a
techni cal neeting together with itemc)

c) this itemis covered by the present note, and
should be discussed in a dedicated technical
nmeeting once the Space Segnent Prinme Contractor has
rel eased information on the telenetry fornmats.

This note is organized as follows: in section 2 we
rem nd about the current baseline (which foresees
an expansi on/ unpacking); in section 3 we give sone
exanpl es of how this baseline could be inplenented,
and conpute the overheads; in section 4 we present

the alternate solutions (no unpacking at all, or
usage of FITS binary tables); in section 5 we
illustrate the possible applications of FITS binary
t abl es; finally in section 6 we draw sone

concl usi ons.

2. A summary of the current baseline

This section sunmarizes itens already discussed in
[ Ref. 1].

The telenmetry data wll be in form of source
packets. The details of their layout are not yet
known. As indicative references we use [Ref.2] and
[Ref.3]. This can be sunmarised as :

The content of the PACKET HEADER is dictated by the
ESA standard, its content are relevant for sorting

the data, but not for the scientific analysis.
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The content of the DATAFIELD HEADER (eg. packet
times) may have sone interest for scientific
anal ysi s.

The data field proper is nade of subfields all of
equal length, plus a spare part at the end which is
unused.

The subfields are individual events in the case of
direct nodes, and spectra, etc.in the case of
i ndi rect npdes. Subfield length is by definition an

I ntegral nunber of bytes.

Direct node event sub-subfields (like X Y,E, etc.) can
sonetines be bit fields other than 8 or 16 bytes, even if the
entire event uses an integral number of bytes.

The source packets are encapsulated for transmission in the
Transfer Frames and Virtual Channels as dictated by ESA
standard. This inplenmentation is transparent and of no concern
for scientific analysis.

The format and organi zati on of such data is of no concern for
scientific analysis, and wll be decided autonomously by
Tel espazi o.

W refer to [Ref.1] for a summary of our main intentions in
defining the RRD (Reformatted Raw Data).

So far we inplicitly assuned that Raw neans that the packets
are unnodified, while Reformatted nmeans they are extracted
from the Transfer Frame and sonehow sorted in files (see
[Ref.1] for exanples). However the inplenentation details have
been left to Telespazio, and are transparent to scientific
anal ysi s.
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The definition of the requirements for FOIs (and
particularly for the "unpacking” which 1is the
object of this note) is given explicitly in chapter
5 (pag. 47, section 5.2) of the SDPUR docunent,
approved by the experinenters.

Such requirenents were explicitly based on the
Exosat FOT exanple, wth sone mmjor differences
(explicitly recalled in [Ref.1]) intended to avoid
sone of the main unfriendly and unpl easant aspects
of the latter (fromthe point of view of the final
user).

The following is an explanation of the neaning of
such requirement in the framework of 2.1-2.4 (not
yet defined at the tinme SDPUR was witten):

a) PACKET HEADER : the packet header can be omtted
fromthe packet witten on the FOT

b) DATA FIELD HEADER : it has to be decided which
fields have to be witten to the FOT packet header,
and how do they have to be edited (nodified)"

c) DATA FIELD : the data field content is witten
in its totality to the FOI packet, and is subject
to the "expansion" to 8-16-32 bits of fields of
different length (further notivated in the next
section).

d) spare area : this can be ontted fromthe FOT

This is the resulting FOI packet format:

The resulting FOT packet Ilengths after unpacking
may be different for each packet type, as the

* This is consistent wth Exosat wusage (which did not
i mpl ement the full ESA standard packets, but just a rough
prototype): in fact only a reference tine and a quality flag
appeared in the FOT packet header, while all other information
in the original packet header (packet id, checksum etc.) was
omitted.
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amount of reformatting is different. The Ilength
will however be fixed for each FOT packet type.

In SDPUR it is also requested that the nentioned
packet length is the logical record |Iength LRECL of
the corresponding FOT file, and that | ogi cal
records be Dblocked in tape blocks of length
multiple of LRECL (what is called an FB-format in
| BM term nology). It was also requested to have one
file per observation per data type.

The expansion of all "funny" (not 8 or 16) bit
fields to bytes or words at FOI production tine
will avoid that the user has to do progranmng with

bit fields, which is intrinsically not portable,
prone to efficiency problens, and unpleasant for
nost astronomers. It will also ensure it is nade
once forever, and in the correct way. It wll also
allow the scientific Institutes to supply the users
Wi th standard, portable, accunulation software
(sone special features will be devised to handle
BYTE quantities which are not standard in Fortran
77), which at the same time may remain efficient
(in alternative bit field handling wthin our
prograns is possible using Fortran 77 intrinsic

functions |ike |BTEST, | BSET, but they are
soneti nes nmuch | ess efficient than dedicated
assenbl er routi nes ... and we have lots of

unpacki ng/ conversi ons to do).

In this respect the tape space expansion was
considered of nuch |esser inportance wr.t. the
above advant ages.

W attenpt here to give sone exanples (inclusive of
quantitative estinates) of the expansion needed in
the case of SAX data (making so far reference to
the nodes as described in [Ref.2], and to the
content of the data field header as given in
[ Ref. 3]).

Note that one of the design goals is to have a FOT
| ayout which could be dunped to disk into a natural
format (one record per packet, sanme record length
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as LRECL on tape) with
a sinple system command (e.g. dd under Unix,
MOVEFI LE under IBM VM etc.).

As suggested in 2.5.1 above nobst of the information
in the headers is used at OCC to sort the various
telenetry streans, and/or verify the data quality.

The data in the packet header do not need to be put
anywhere on the FOT. Application Process ID (and

additional node fields in the data field header
specifying the packet format) are used to sort
packets by data type into separate FOI files.
Source sequence count will be used at OCC only to
verify the continuity of the data stream Packet
length information is also non relevant (the
informati on on the FOT packet length will be in the
observation directory).

The exact content of the data field header is so
far not known in detail. The only information
presented in [Ref.3] which is necessary to
propagate in the FOT packet header are the start
and end ti mes.

It is likely that such fields (32 bits each) do not
need expansion. However it mght be desirable to
supply the end user with tines in a nore handy unit
than spacecraft clock (e.g. UT with some TBD tine
resolution). This mght require sone expansion (but
no nore than a factor 2), and should be discussed
in a specific neeting.

As a rule, the spare part at the end of a packet
shall not be put on the FOI. For the rest, we give
bel ow sone specific exanples about direct and
indirect node packets. W are wunable to give
specific indications about rateneter packets until
the detailed | ayout is known.
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It should be noted that part of the discussions
with the Space Segnment prinme contractor resulted in
the fact that nobst event sub-subfields are already
8 or 16 bits.

The first exanple concerns MECS direct node 1
(diagnostic, see [Ref.2]). After the recent request
to have position and burst length at 8 bits, the
format is:

4 anodes, energy, X, Y, BL all with 8 bits
time wwth 18 bits
total length 11 bytes

It has to be noted that, as 24 bits are reserved
for time, it would be possible (and has actually
been suggested) to use the full 24 bits for tine
al ready on-board (out of the 32 available to the
experinment).

In this case the only expansion would inply using
32 bits for tinme (putting the 18-24 bits in the
| east significant part, either with leading bits
zero, or with leading bits derived fromthe part of
the header full tinme with sane resol ution).

Each event will therefore require 12 bytes, wth a
9% expansi on.

A simlar expansion for time (from 7 to 8 bytes;
14% applies to the MECS direct node 2 (normal;
energy, XY, BL, tine).

In the further exanple of MECS direct node 7 one
has:

energy, BL with 8 bits
time with 7 bits

infout flag with 1 bit
total length 3 bytes

In this case one expands tinme at least to 8 bits,
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and also the in/out flag as 8 bits. The resulting
increment is from3 to 4 bytes (33%. Note that one

could have no increnent

by sorting data wth

different in/out flags in separate files.

Consi deri ng anot her exanpl e,

(di agnostic), one has:

bits

(expand to 16)
(expand to 8)
(expand to 16)

(unchanged)

requiring an expansion
For PDS direct node
expansi on :

(expand to 16)

(expand to 8)

(expand to 16)

(expand to 16)

but for PDS direct
expansi on:

(expand to 8)
(expand to 8)
(unchanged)

(unchanged)

of 40%
3 one
node 4

for PDS direct node 1

coincidence wth 3
(expand to 8)

PSA with 9 bits

unit id with 2 bits
energy with 10 bits
time with 16 bits

total length 5 bytes
(beconme 7 bytes)

has instead a 75%

PSA with 9 bits
unit id with 2 bits
energy with 9 bits
tine with 12 bits

total length 4 bytes
(becone 7 bytes)

one has just a 25%

PSA with 6 bits
unit id with 2 bits
energy with 8 bits

time with 16 bits
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total length 4 bytes
(becone 5 bytes)

In the latter three cases some saving could be
gai ned by sorting events by unit id.

In the case of indirect nodes, all spectral and
nost timng nodes already foresee 8-bit or 16-bit
channels. Therefore no expansion whatsoever is
required (in the case of HP-GSPC packets mi xing
different ESP and/or BSP spectra, it nmay be
desirable to put theminto separate FOT files).

The only pecul i ar case I nvol ves sone hi gh
resolution timng nodes, which use 4-bit w de bins.
This nodes are likely to be used seldom Unpacki ng
m ght not be strictly required. If it is (into 8-
bit bins), it involves of course a 100% expansion
(doubling).

The main topic for discussion was the need and
extent of unpacking/ expansion at FOI' production
| evel .

One argunment suggested NO REFORVATTING at all
(except perhaps for headers ?) could be better.
Packets are copied straightforward to FOI. The
following notivations were put forward: first, the
nunber of changes from the original layout is |ess,
therefore the possibility of errors is dimnished
(the sane argunent used to mnimse reformatting at
RRD |evel); second, no unpacking may sinplify the
software developnent from the point of view of
hardware groups (in case they intend to re-use the
SCOE software and could in this case use the sane
routines to access telemetry packets). Incidental
advantages of this possibility are : |less tape
space used (also less disk space after tape
filing), and FOT production is sinplified (it is
essentially a plain copy of selected sections of
RRD to tape).

Though the previous argunents are perfectly
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reasonable from the point of view of t he
experinmenters, ny personal opinion is that such

sinplification of the current baseline shall not
occur. Whatever advantage is gained from the part
of the hardware groups, wll reflect either as a
di sadvantage on the general observer (he w Il have

to do all bit-field-programmng hinself) and also
as a disadvantage on everybody including the
hardware institutes (as performance on one hand, as
we will have to do the unpacking all the tines as
part of each accunul ation program again; and also
as additional effort on software devel opnent,
since the unpacking wll be included in the
scientific accunulation s/w and not in Tel espazio

s/w).

In order to neet the "friendliness versus general
observers" and "portability" issues, a proposed
solution is to adopt a STANDARD reformatting, based
on "binary tables" FITS. This is the main topic of
t he remai nder of this section.

The best account of what currently FITS is is given

by [Ref. 4] issued by the (recently established)
NASA FITS office (the next release of this docunent
will be available electronically). The above

docunent provides a good uniform introduction to
t he basics and philosophy of FITS (in this sense it
is better than the four standard reference papers
on Astronony and Astrophysics Supplenent (refs. in
[Ref.4]). It also describes official FITS (that is,
endorsed by the 1AU). The only main addition to the
known standard which has been officially endorsed
so far is the use of I|EEE floating point data in
FI TS i nages.

The above docunent includes sonme chapters only in
part (as specified in its Table of Content). Binary
table FITS is described in section 5.2 of [Ref.4].
It shall be noted (see 4.2 below) that it has not

yet been officially endorsed by I AU.

The basic philosophy of FITS, and the other FITS
formats are not recalled here, and one is referred
to [Ref.4] (or [Ref.1l] for a short account).
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FITS datasets consists of an header and a data
area. The header is structured in 80-byte ASCI
card inmages, in the form "keyword=value", wth a
fixed format.

The data area for binary tables is binary data (2-
conplenent integer, or |IEEE floating point; see
[Ref.4], 5.2.3), including table "colums"” in the
order defined by the header. Each "colum" nmay
actually be an array (so called "3D' tables).

Header and data area are packed in 2880-byte
records. These records may then be bl ocked up to a
factor of 10 on the tape.

4.2 Approval status of FITS binary tables

The information provided here were supplied
courtesy of Dr. Preben Gosbol of ESO Garching
(Chairman of the 1AU FITS Wrking Goup), and of
Dr. B.Schlesinger (NASA FITS Support Ofice). |
would add here that in the course of the
correspondence | have been discouraged to use FITS
for very mssion-specific telenetry data.

First of all, FITS binary tables are not yet an | AU
standard (therefore the information supplied in
[Ref.4] is subject to change, and in particular it
Is foreseen that the official nanme of the extension
w || change).

However the definition of the binary table format,
whi ch has been going on for sone tine, is virtually
finished. Many major astronom cal packages are in
process of adopting it, or use it unofficially. A
Fortran <callable Ilibrary to wite FITS data
(including binary tables) is going to be put soon
in the public domain by NASA GSFC [ Ref. 5].

The formal process of approval by I1AU involves
notions by the Regional FITS Goups (the European
one has nmet in April 91), and a formal test of
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exchange between two independent sites. This is
likely to occur in sunmer or autumm 91, and a final
endorsenent by AU in late 91-early 92.

As every FITS dataset, a FITS binary table needs
one full FITS header record (2880-byte, bl ank-
padded) with the foll ow ng mandatory keywords:

SI MPLE
Bl TPI X
NAXI S

END

i1 n
O o -
py)
(@
i

A binary table includes next one or nore extension
header records, with the followng keywords
(mandat ory unl ess ot herw se specified):

XTENSI ON= A3DTABLE (the nanme wi |l change)

BITPIX =8

NAXIS = 2

NAXI S1 = bytes in 1 row

NAXI S2 = no. of rows

PCOUNT =0

GCOUNT =1

TFI ELDS = no. of col umms

TFORML = rT (format of colum 1)

TFORWMn = rT (format of colum n)

TTYPEL = | abel for colum 1 (optional)

TTYPEn = | abel for colum n (optional)
As one FITS record includes 36 keywords, it is
likely that one extension header record is

sufficient for SAX purposes.

This nmakes a total overhead of 2x2880 bytes of
h r r FITS file.

We give here bel ow possible exanples of application
of FITS binary table formats (data area) to sone
representati ve SAX cases.




SAX/GS/IFCTR/TN-003

CNR SAX Issue 1.0 IFCTR
Date: 22-05-91
page 14

In the case of direct nodes, the reformatting
needed to put event data in format of a binary
table (which should be imediately wusable as a
photon |ist) includes:

a) the table has as many rows as events in the file

b) each event sub-subfield (energy, X Y, etc.) is a
col umm

c) all sub-subfields which are nore than 8 and | ess
than 16 bits (e.g. PDS Energy, 10 bits; or PDS PSA
9 bits) are naturally expanded as a single 16-bit
i nteger (TFORWVh=1l).

d) all sub-subfields longer than 16 bits could be
represented as 32-bit integers (TFORWVh=1J). This is
likely to be the case only for tine.

e) time information w | nost likely need
addi ti onal reformatting. I'n fact, as t he
I nformation about single telmetry packet s
(including the conplete tine in the header) is
lost, the full representation of tine shall be

associ ated to each event.

f) all 8-bit sub-subfields could be represented as
characters (TFORVh=1A); see however al so g bel ow.

g) all sub-subfields shorter than 8 bits could be
expanded to a byte and handled as in f. An
alternate solution, applicable to all Ilengths of
sub- subfi el ds, s to use t he bit-array
representation. Note ([Ref.4] pag.34) that the
actual field is anyhow expanded to an integra
nunber of bytes with trailing bits zero. In this
case one has (exanpl es)

PDS id (2 bits) TFORVh=2X
(occupying 1 byte)

MECS ener gy (8 bits)
TFORMh=8X (occupying 1 byte)
PDS ener gy (10 bits)
TFORVh=10X (occupyi ng 2 bytes)
et c.

*Usage of trailing bits instead of |eading bits may be an annoyance.
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It is immediately visible +that the expansion
(mandatorily required by FITS) is identical to the
one required by our current baseline (see above
3.2.1).

A possible exception to that is that tinme requires
nore space, and also a processing which is not just
pure extension (but involves pasting the nost
significant part of the header full tinme in front
of the event fine tine, or some other form of tine
normal i zati on) . This is is a nore conplex
processi ng than the one foreseen in the baseline.

However, the bigger expansion required for tine,
and the relatively large header overhead is
probably conpensated by the om ssion of the packet
(dat afi el d) headers.

Indirect node data are not naturally covered by
FITS wunless one adopts one of the followng
appr oaches.

One possibility is to define an ad-hoc FITS
extension, that is to devise a "FITS wapper"”, in
whi ch one has a FITS (full + extension) header, and
then forces whatever telenetry into the data area.
This is quite innatural, and gives no advantage
what soever, as nobody will ever has a FITS reader

for such a peculiar format. This possibility wll
therefore not be considered any further.

The second is to use a binary table format as a
general format. For indirect node data, the spectra
are naturally already in a table form (each
spectrum is one row wth as many colums as PHA
channels), and also the time profile data are
naturally in a table form (the rows being tine
bins, and the colum(s) being the individual energy
band(s)). Spectra and tinme profile are just a
different way of |ooking at a table (tine-energy)
with counts as content.

Unfortunately there is nore in the packet than just
spectra : the only wuseful information in the
datafield header is however so far represented by
the start and end time (TBV with the detailed
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formats). O her information nmay be derived by the
position of the spectrum in the packet (e.g. if

four PDS spectra from the four units are packed
toget her; or when HP-GSPC ESP1 and ESP2 are packed
together, etc.). This information could be covered
addi ng extra colums in front of the table.

For a single spectrum (wth p channels of 8 bits

each) one will have:
NAXIS1 = bytes in 1 row (p+8)
NAXI S2 = nunber of packets
TFI ELDS = 3
TFORML = J
TFORMR =]
TFORMB = pA
TTYPEL = "START TI ME"
TTYPE2 = "END TI ME"
TTYPE3 = "ENERGY SPECTRUM'

(If the spectrum channels are 16-bit w de,
TFORMB=pl, and NAXI S1=2p+8. If the channels (bins)
are 4-bit wde (as in the case of sone high
resolution tinme profiles), one may either expand
them to bytes, or have  TFORMB=4pX, NAXI S1
unchanged) .

For the case of nore spectra (e.g. 4 PDS spectra
with p 8-byte channels) in sane packet one has

I nst ead:
NAXIS1 = bytes in 1 row (4p+8)
NAXI S2 = nunber of packets
TFI ELDS = 6 (nunber of spectra + 2)
TFORML = J
TFORM2 =]
TFORMB = pA
TFORMG6 = pA
TTYPEL = "START TI ME"
TTYPE2 = "END TI ME"
TTYPE3 = "UNIT 1 SPECTRUM
fTYPE6 = "UNIT 4 SPECTRUM

Note that (for what concerns original packing on-
board), if one packet contains nore spectra, they
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may be spectra taken at sane tinme for different
units of sane experinment (and in such case the
|atter arrangenent is preferred); however if they
are just consecutive in tinme, but originating from
the same experiment, it mght be better to split
the packet into nore table rows (each row
containing one spectrun and use the forner
arrangenent. Finally, if the spectra in the sane
packet are altogether different (as in the case of
HPGSPC m xi ng ESP and BSP) it could even be better
to separate the different types in separate FITS
files.

(A different way of associating packet headers wth
data would be to use a "group" arrangenent, simlar
to the HST "GEIS" format, but this looks in ny
opinion quite awkward to handl e).

As in the current baseline, the actual expansion
factor for indirect node data put in FITS tables is
nil. Also the amount of packet reformatting is very
simlar.

The usage of FITS binary tables to store telenetry
data is in line of principle possible, but seens
not to offer any significant advantage wr.t. to
the current baseli ne.

The expansion factor (space needed) is very simlar
to the baseline approach.

Al so the anpbunt of processing | ooks quite simlar.

On the other hand FITS data are packed into an
“innatural"” record length, which neans nore and
nore conplex i/o0 operations to read the FITS file
to disk into a natural format (ie. a table with as
many records as rows, each record being as long as
one row), or to read the FITS file in nenory in
case it is dunped straight to disk

It is also unlikely that the format devised wthin
FITS (section 4 above) will be general enough to be
i medi ately accessible by FITS readers already
avai l able at a generic site.
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Therefore ny recommendation is not to adopt a FITS
format for telenetry data to be witten on SAX FQOTs.

Concerning the fact whether we should perform
expansi on/ unpacki ng when witing packets to FOIS
| ogical records, | believe the argunents given
above confirm this approach both in terns of
opportunity (see 2.5.2) and not excessive overheads
(see 3.2).

Therefore ny recommendation is that we mantain the
current baseline as described in SDPUR and further
suppl enented in the present note.
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