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1 Introduction

This document tries to provide the necessary information for scientists who want to access publically
available Odin astronomy data at level 1b from the data archive stored at the PDC Center for High
Performance Computing at KTH, Stockholm. The information on how to get the necessary credentials to
access the PDC data can be obtained elsewhere. Need to add that info.
In section 2 we summarize the internal workings of the Odin data processing pipeline and recall the various
levels at which Odin data exist. Note, that this document is solely concerned with the retrieval of the final
stage of the astronomy data processing, i.e level 1b.
During the various stages of the data processing, the pipeline software represents Odin data in memory in
the form of a particular data structure called an OdinScan. This data structure is described in detail in
section 3.
For archiving of astronomy data at level 1b OdinScans from one orbit are stored as the individual rows of
a FITS binary table1. Some more information on these binary tables are presented in section 4.
A number of useful tools exist to extract individual OdinScan from the binary tables and store them in
a more convenient format for the average user, e.g. standard FITS files readable by CLASS. These tools
are described in section 4.1.

2 The Odin data processing pipeline

Processing of Odin data, both for the astronomy and aeronomy discipline, is typically done orbit by orbit
and starts with gathering the necessary raw data files needed to generate the higher data levels. The raw
data come in the following flavours:

SHK Housekeeping files which, most importantly contain the information on LO tuning and frontend
configuration.

AC1 Raw science data files for the autocorrelator 1. Contains the raw correlator lags as well as the
information on the spectrometer configuration, i.e. the bandwith/resolution which was used.

AC2 ditto for autocorrelator 2.

AOS Raw science data files for the acousto-optical spectrometer. Contains the power spectra as well
as information on the AOS configuration. Spectra representing dark current readings or frequency
calibration comb spectra are marked as such.

ATT The reconstructed timeline of satellite attitudes and orbit position and velocity. These files become
available typically a couple of days after the actual observation, as the attitude processing is done a
posteriori on ground.

Once the raw data are located, one OdinScan data structure (see section 3 below) is allocated and filled
for each spectrum taken during the orbit in question. The filled data structures constitute Odin data level
0. Level 0 data are still unprocessed, e.g. correlator data are still represented as lags. However, from level
0 onwards no further access to the raw data files is necessary. The OdinScan data structure distinguishes
between the following types of spectra:

SIG uncalibrated spectrum towards target (ON).

REF reference spectrum, i.e. an uncalibrated spectrum of cold sky taken towards a reference position
during position switching.

CAL at level 0 the calibration spectrum towards the calibration load, at level 1 this is a spectrum of
system temperature as a function of frequency.

CMB frequency comb spectrum (only for AOS.)

DRK CCD dark current spectrum (only AOS.)

SK1 a reference spectrum during sky switching using the sky 1 reference beam.
1For aeronomy the HDF format is used instead.
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SK2 a reference spectrum during sky switching using the sky 2 reference beam.

All astronomy data were taken in either position switched mode or sky switched mode. At level 1 we
(may) have in addition

SPE a calibrated spectrum.

SSB sideband ratio spectrum, only produced as part of the aeronomy pipeline.

AVE the average of several calibrated spectra.

Going from level 0 to level 1, the following steps are performed:

1. for the correlators, transform the raw correlator lags into a power spectrum. Keep track of which
subbands were used with which correlator internal LO settings in order to generate the proper
frequency scale.

2. for the AOS, analyse any frequency COMB spectra and use results for frequency calibration of
subsequent science spectra.

3. calibrate the intensity scale of the individual SIG spectra, which subsequently will be labelled SPE.
The intensity calibration typically uses all load measurements of one orbit in order to derive an
average spectrum of system temperature. Reference (or sky beam) spectra are properly interpolated
onto the times of the SIG spectra. Details of the calibration are given in RD02.

The software for the Odin data processing pipeline consists of (1) a collection (i.e. a library) of C routines,
for effective access to raw data and optimized code for the handling of Odin data structures, and (2)
interfaces to higher level scripting languages (originally Perl was used, later Python) to allow calls to this
C library and combining these calls into the various steps needed to arrive at level 1b.

3 Detailed description of the Odin data structure

The C header file defining the Odin data structure OdinScan is very heavily commented and should be
self-explanatory. It’s listing is reproduced in appendix A. The OdinScan structure consists of a header
section of 408 bytes, followed by up to 1728 (the length of an AOS spectrum) channels. Correlator
spectra typically have 896 channels. Each data channel is represented as a single precision floating point
number, i.e as four bytes. Thus the maximum number of bytes needed to store one Odin spectrum is
408 + 1728 ∗ 4 = 7320.
For the convenience of the reader we here present additional comments on the various data items in the
header section:

Table 1: Layout of the OdinScan structure, size is given in bytes.

name type size description
Version unsigned short 2 Contains the version number of the OdinScan structure

that was in use when the data were generated. If printed
in hexadecimal notation, the first nibble gives the major
number and the second nibble the minor number. The ver-
sion history is found at the beginning of the file listing in
appendix A. At present its value is 0x0106, i.e. version 1.6.

Level unsigned short 2 Indicates the level and version numbers of applied calibra-
tion procedures and pointing constants. The upper nibble
in hexadecimal notation indicates the version of ACS align-
ment constants that were in use.
This data word can typically be ignored by the end user.

Continued on next page
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name type size description
Quality unsigned long 4 A 32 bit long word were each bit represents a possible sta-

tus, warning or error flag. Please see the file listing in
appendix A for a complete list.
Please note that the lowest four bits should be interpreted
as a reset counter for the satellite time word (STW). As
such a reset never happened during the life time of Odin,
all data up to the summer of 2009 will have a bit pattern of
0000 here, whereas later data have 0001 due to the roll-over
of the STW at that time.

STW unsigned long 4 The satellite time word, a 32 bit long integer keeping time
onboard the Odin satellite, ticking at 16 Hz. As this is
stored when data were transferred from the spectrometers
to the mass memory, it corresponds to the end of the mea-
surement.

MJD double 8 The modified Julian date of observation, corresponding to
the STW above.

Orbit double 8 The orbit number at the start of the observation. The frac-
tional part is the phase (position) within the orbit relative
to the equator crossing.

LST float 4 The local (mean) sidereal time at the start of the obser-
vation in seconds. It is calculated based on UTC and the
current satellite position.

Source char[32] 32 A string of 32 characters holding the name of the source,
which is picked up from the unvalidated time line (block 1)
of an attitude file. As such this is the name of the source
given by the planners, and do not necessarily follow stan-
dard naming conventions for astronomical sources.

Discipline short 2 For astronomy this word should contain the value 2,
whereas the value 1 indicates aeronomy data.

Topic short 2 The various astronomy topical teams are coded as follows
SOLSYS 1 solar system
STARS 2 late type stars
EXTGAL 3 extragalactic
LMC 4 Magellanic clouds
PRIMOL 5 primordial molecules
SPECTR 6 spectral scans
CHEM 7 interstellar chemistry
GPLANE 8 galactic plane
GCENTR 9 galactic centre
GMC 10 giant molecular clouds
SFORM 11 star formation
DCLOUD 12 dark clouds
SHOCKS 13 shocks and outflows
PDR 14 photon dominated regions
HILAT 15 high latitude clouds
ABSORB 16 absorption line studies
ORION 17 common Orion project
CALOBS 18 calibration observations
COMMIS 19 commissioning phase measurement

Spectrum short 2 An integer counting the individual spectra of one orbit.
Continued on next page
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name type size description
ObsMode short 2 The observing mode in use when this spectrum was taken.

The only modes that were used during the Odin mission
are TPW (total power, i.e. position switch) coded as the
value 1, and SSW (sky switch) coded as 2.

Type short 2 The type of the spectra as described above in section 2.
But see the file listing in appendix A for further details.

Frontend short 2 The frontend (receiver) used for this observation, coded as
REC 555 1 mixer B2
REC 495 2 mixer A2
REC 572 3 mixer B1
REC 549 4 mixer A1
REC 119 5 mixer C
REC SPLIT 6 power combiner, not used in astronomy

Backend short 2 The backend (spectrometer) used for this observation,
coded as

AC1 1 correlator 1
AC2 2 correlator 2
AOS 3 acousto optic spectrometer
FBA 4 3 channel filter bank (aeronomy)

SkyBeamHit unsigned short 2 The 16 bits of this word indicate possible hits of major
sources of submillimetre emission, like the Sun, Moon,
Jupiter and Saturn, by one of the skybeams or the main
beam. See the file listing in appendix A for further details.

RA2000 float 4 The right ascension (J2000) of the source (direction of
pointing) in degrees. Calculated from Qachieved below.

Dec2000 float 4 The declination (J2000) of the source (direction of pointing)
in degrees. Calculated from Qachieved below.

VSource float 4 For astronomy, the velocity of the source with respect to
the local standard of rest (LSR) in m/s. It is extracted
from the unvalidated time line (block 1) of an attitude file,
i.e. a number which was input by the schedule planners.

u point 12 This is the only member of the structure which is not rep-
resented by a fundamental C variable type, but rather as a
union, holding three floating point variables with different
meanings depending on the discipline. See its definition in
the code listing of appendix A at lines 368–381. For astron-
omy, map offsets and map tilts can be stored here, but the
pipeline will typically leave these values equal to zero.

Qtarget double[4] 32 The reference attitude given as a quaternion (4-vector) as
listed in columns 8-10 of block 3 of an attitude file.

Qachieved double[4] 32 The achieved attitude given as a quaternion (4-vector) as
listed in columns 11-14 of block 3 of an attitude file.

Qerror double[3] 24 The attitude error in degrees, describing the pointing un-
certainty around the 3 principle axes of the satellite. Listed
in columns 15-17 of block 3 of an attitude file.

GPSpos double[3] 24 The geocentric position X,Y ,Z in meter of the satellite at
the end of the observation as reported by the GPS receiver
onboard of Odin and as listed in columns 18-20 of block 3
of an attitude file.

Continued on next page
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name type size description
GPSvel double[3] 24 The geocentric velocity Ẋ, Ẏ , Ż in meter per second of

the satellite at the end of the observation as reported by
the GPS receiver onboard of Odin and as listed in columns
21-23 of block 3 of an attitude file.

SunPos double[3] 24 The geocentric position of the Sun in meter. Calculated
based on current time using a low precision ephemeris. Ac-
curacy is guaranteed to be one arcmin or better.

MoonPos double[3] 24 The geocentric position of the Moon in meter. Calculated
based on current time using a low precision ephemeris. Ac-
curacy is guaranteed to be one arcmin or better.

SunZD float 4 The solar zenith angle in degrees. Calculated from the po-
sition of the Sun and therefore with the same intrinsic ac-
curacy.

Vgeo float 4 The velocity of the satellite with respect to the Earth in me-
ter per second. Calculated from current time and satellite
GPS position and velocity.

Vlsr float 4 In astronomy, the velocity of the satellite with respect to
the local standard of rest (LSR) in meter per second. Cal-
culated from current time and satellite GPS position and
velocity.

Tcal float 4 The Rayleigh Jeans temperature in Kelvin of the calibra-
tion load used during the intensity calibration of this spec-
trum. The physical temperature of the load is retrieved
from level 0 house keeping data files.

Tsys float 4 The mean value of the system temperature in Kelvin used
during the intensity calibration of this spectrum. Calcu-
lated during calibration. Note, that this is an average value
of the system temperature, the CAL spectra at level 1b con-
tain a channel by channel calculated system temperature.

SBpath float 4 The path length in meter of the SSB diplexer. Extracted
from house keeping data files.

LOFreq double 8 The (first) local oscillator frequency in Hz used for this
observation in the rest frame of the satellite. Calculated
from the information on HRO and PRO frequency stored
in level 0 house keeping data files.

SkyFreq double 8 The frequency in Hz of the centre channel in the rest frame
of the satellite, i.e not Doppler corrected. Calculated from
the LO frequency and the value of the IF frequency, which
will be either +3900 MHz or -3900 MHz. The sign is cal-
culated based on the setting of the SSB tuning mechanism,
stored in the level 0 house keeping data files.
Note that the index of the centre channel cc is defined as
cc = spectrum->Channels/2;
with all the implications of an integer division. This means,
that for an odd number of channels, the division yields the
correct array index of the centre channel, for an even num-
ber of channels we get the index of the channel just above
the centre of the band (which falls between two channels).

Continued on next page
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name type size description
RestFreq double 8 The frequency in Hz of the centre channel in the rest frame

of the observed object, i.e Doppler corrected. The same
definition of centre channel applies as for the previous mem-
ber. Calculated from sky frequency and applicable Doppler
correction (see Vlsr).
The frequency correction is calculated using the radio con-
vention:

fsky = frest ·
(

1− v

c

)
Where v is the sum of the source velocity and the LSR
velocity and the calculated LSR velocity of the satellite.

MaxSuppression double 8 The sideband frequency in Hz corresponding to the fre-
quency of maximum suppression in the rest frame of the
satellite, i.e not Doppler corrected.

SodaVersion double 8 The version number of the attitude reconstruction software
(SODA) used at SSC during production of attitiude files.
Note, that a double variable is used here because of histor-
ical reasons. In earlier version of this structure the amount
of frequency throw was supposed to be stored here. As
FSW observations were never done with Odin, this field
was available for this new purpose. In order not to change
the size of the sturcture, the data type was kept.

FreqRes double 8 The spacing in Hz between neighbouring channels for this
spectrum.

FreqCal double[4] 32 Frequency calibration coefficients in Hz for the spectrome-
ter in use.
For the correlators, these are the four local oscillator fre-
quencies of the SSB modules, in the order in which indi-
vidual bands are read out from the instrument, i.e. 1,3,2,4
when compared to Omnisys documentation. Typical val-
ues:
FreqCal[0] = 3600.0e+06
FreqCal[1] = 3800.0e+06
FreqCal[2] = 4000.0e+06
FreqCal[3] = 4200.0e+06
For the acousto optic spectrometer, these are the fit re-
sults from the last frequency comb measurement performed.
Typical values:

FreqCal[0] = 2.100e+09
FreqCal[1] = 6.200e+05
FreqCal[2] = 4.000e+00
FreqCal[3] = -1.000e-02

Continued on next page
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name type size description
IntMode int 4 The integration mode of the backend during the observa-

tion. The information is retrieved from values reported by
the spectrometers.
For the AOS these are

AOS LONG 1 1728 32-bit data
AOS SHORT 2 1728 16-bit data
AOS HALF 3 864 32-bit data
AOS FOUR 4 432 32-bit data
AOS CENTRE 5 high resolution at centre
AOS WINGS 6 high resolution in wings
AOS WINDOW 7 high resolution window

For the correlators AC1 and AC2 these are
AC XHIRES 1 1 x 100 MHz at 125 kHz resolution
AC HIRES 2 2 x 100 MHz at 250 kHz resolution
AC MEDRES 3 4 x 100 MHz at 500 kHz resolution
AC LOWRES 4 4 x 200 MHz at 1000 kHz resolution
AC YHIRES 5 1 x 100 MHz at 1000/7 kHz resolution

For the correlators in split mode (not used in astronomy)
bits 4 and 5 can be set, having the following meaning

AC SPLIT bit 4 correlator split between frontends.
AC UPPER bit 5 correlator upper half.

IntTime float 4 The integration time in seconds, i.e. the duration of this
observation.

EffTime float 4 The effective integration time in seconds, i.e. one will get
the noise level in this spectrum by using this time and the
system temperature from above and the usual radiometer
formula:

∆T =
Tsys√
∆ν · t

where ∆ν is the FreqRes from above.
Channels int 4 The number of channels in this spectrum. The maximum

number of channels that may occur is given by the number
of channels in the AOS, i.e. 1728.

data float[*] The array holding the actual spectrum. Its size in bytes
varies and is given by the number stored in the previous
item (Channels) times 4.

4 Odin binary FITS tables

The binary FITS tables produced and stored as level 1b simply use the FITS standard to store a table
where each row is a data structure as defined in 3, i.e. use the standard FITS keywords for type, form
and unit to encode each structure member of OdinScan as a column of a FITS binary table.
Level 1b files stored at PDC follow the following naming convention:
Ox1Byyyy.FIT.gz
where x is a letter encoding the backend (A = AC1, B = AC2, C = AOS) and yyyy is the orbit number
expressed as a 4-digit hexadecimal number. The first letter of the filename will be O to indicate its origin
at Onsala Space Observatory, the 3rd and 4th letter confirm that this is a data file at level 1b.
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4.1 Tools

The easiest way to analyse the Odin data is to extract the individual OdinScan structures from a FITS
binary table, once this has been retrieved from the PDC, and convert the structures into a format suitable
for the data reduction program of choice. The software to do this is available as source code from a
subversion repository maintained by the Odin aeronomy group at Chalmers Technical University. Read
only access is possible without username or password:

$ svn checkout http://svn.rss.chalmers.se/svn/odinsmr/oops/trunk oops

This command will retrieve the current version into a subdirectory oops2. In there you’ll find a number
of subdirectories:

Library: contains the low level C-routines used by most Odin related programs and scripts. On a Linux
platform building the software library will require

$ ./configure
$ make

Programs: contains utilities based on the previous library, i.e. you need to build the library described
above first, before you can compile and link any of the software in this directory. Here you’ll find
programs rfits and odin2fits which allow you to extract all spectra from an Odin binary FITS
table and convert each of them to the more standard, single dish FITS files which e.g. CLASS3 can
understand, respectively. Again a configure file is available to generate a Makefile for your system:

$ ./configure
$ make rfits
$ make odin2fits

Please note, however, that before you can build these programs you need to have the cfitsio library
from NASA’s HEASARC4 installed on your system before you can build these programs. This library
is typically available as a ready-made package for most Linux distributions, e.g. on Debian (Ubuntu)
this would involve installing package libcfitsio3-dev and its dependencies, or cfitsio-devel on
rpm-based distributions like Red Hat or SuSE. Else you may want to download and build that library
following the instructions on the HEASARC site, in this case you will have to adapt the Makefile
for building the Odin software.

Once you have the two programs (rfits, odin2fits in place you may use them to translate a file
downloaded from PDC into a CLASS compatible format following the following recipe. Let’s assume
that the file you downloaded from the PDC is called OC1B9A12.FIT.gz, i.e. AOS level 1b data for
orbit 0x9A12 (hex) = 39442 (decimal).

$ gunzip OC1B9A12.FIT.gz
$ rfits -file OC1B9A12.FIT

This will create a (large) number of binary dumps of OdinScan structures in your current directory,
each representing one AOS spectrum. The files will follow the naming convention

AOS.xxxxxxxx.yyy

where xxxxxxxx is a hexadecimal representation of the satellite time word when this spectrum was
observed, and yyy is the type of the spectrum, which at level 1b is either SPE for a calibrated spectrum
or CAL for a spectrum of the system temperature.

Each of these can then be turned into a single dish FITS file readable by CLASS via
2oops = Onsala Odin Processing System
3http://iram.fr/IRAMFR/GILDAS/
4http://heasarc.gsfc.nasa.gov/docs/software/fitsio/fitsio.html
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$ ls -1 AOS.*.??? > spec.list
$ odin2fits -list spec.list

After this operation there will be a FITS file for every spectrum that was listed in spec.list. The
file names of the FITS files will be the same as those of the original binary dumps, but with the
original extension replaced by .fits. Please refer to CLASS documentation on how to read these
into the CLASS system.

Instead of working with CLASS you may chose to work with the binary dumps directly, this can be
done either with Python or MatLab (and compatible software like Octave). The necessary software
is found in the following subdirectories.

Python: This subdirectory contains scripts used by the Odin data processing pipeline. These will proba-
bly not be too useful for the general user as they require a certain infrastructure in the form of SQL
database tables to be present. However, here you will also find a Python module allowing you to
work with OdinScan structures inside Python. Assuming that your Linux system has the necessary
packages installed (package python-dev), building the module requires the following two steps (the
second one needs to be carried out with root priviliges):

$ python setup.py build
$ python setup.py install

Once the Odin pythin module is available a spectrum can be read into python using code like the
following:

1 from pylab import ∗ # use e . g . matp lo t l i b f o r p l o t t i n g
2 import odin
3 s = odin . Spectrum ( ”AOS.12345678 .SPE” )
4 print s # w i l l show e x t en s i v e header i n f o
5 d = s . data # ge t spectrum data
6 f = s . f requency ( ) # genera te a f requency vec t o r f o r the data
7 p lo t ( f , d ) # p l o t data aga in s t f requency
8 show ( )

MatLab: This subdirectory contains MatLab routines (these will work with the free MatLab alternative
Octave, too) to read, and work with, the individual OdinScan structures which are written to disk if
you run rfits on a Odin binary FITS table. The same example as listed under the python section
would now read

1 s = loadspec ( ”AOS.12345678 .SPE” ) ;
2 d = s . data # ge t spectrum data
3 f = frequency ( s ) # genera te a f requency vec t o r f o r the data
4 plot ( f , d ) # p l o t data aga in s t f requency
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A Listing of odinscan.h

1 /∗∗@name OdinScan ∗/
2

3 #ifndef ODINSCAN H
4 #define ODINSCAN H
5

6 /∗ $Id : odinscan . h , v 1 .3 2007/02/01 07 :11 :23 o l b e r g Exp $ ∗/
7

8 /∗∗@name OdinScan
9

10 This s t r u c t u r e p l a y s a c en t r a l r o l e f o r the proce s s ing
11 o f Odin SMR sp e c t r a l l i n e data . I t i s in t h i s format t ha t data w i l l
12 be s t o r ed and handled by the p roce s s ing computer at Onsala Space
13 Observatory . Many o f the rou t i n e s d e s c r i b ed f u r t h e r down in t h i s
14 documentation r e qu i r e a po in t e r to such a s t r u c t u r e as one o f t h e i r
15 inpu t and/or output parameters .
16

17 His tory :
18

19 Version 0 . 1 :
20 Orig ina l v e r s i on sen t out to members o f Odin data working group f o r
21 d i s cu s s i on on March 19 , 1997.
22

23 Version 0 . 2 :
24 S l i g h t l y modi f ied ve r s i on presen ted at Odin data working group
25 meeting in Toulouse , June 5 , 1997.
26

27 Version 0 . 3 :
28 Incorpora ted changes sugge s t ed at Odin data working group meeting
29 in Toulouse , June 5 , 1997 and rearranged and grouped s t r u c t u r e
30 members f o l l ow i n g su g g e s t i on s made by Alain Lecacheux .
31

32 Version 0 . 4 :
33 Added source name and t op i c .
34 Added p o s i t i o n s o f Sun and Moon .
35 Added f l a g s i n d i c a t i n g i f sky beams po in t a t Sun , Moon, Earth
36 or avoidance zone .
37 Based on agreements from Odin meet ings on Apr i l 20 , 1998 at CTH
38 and on May 15 , 1998 at SSC.
39

40 Version 0 . 5 :
41 Added s ideband IF frequency which has maximum suppres s ion .
42 Added s o l a r z en i t h ang l e ( r e que s t ed by Eric Le Flochmoen , France ) .
43 Based on e−mail r e c e i v ed from Frank Merino , MISU.
44

45 Version 0 . 6 :
46 Rearrangements o f a few s t r u c t u r e members in order to op t imize f o r
47 convers ion to FITS binary t a b l e s .
48

49 Version 0 . 7 :
50 Major changes concerning new and removed s t r u c t u r e members , f o l l ow i n g
51 Odin s chedu l i n g meeting at SSC, Stockholm on March 9 , 1999.
52 Units o f ang l e s changed from radian to degrees .
53

54 Version 0 . 8 :
55 Added s t r u c t u r e member EffTime , f o l l ow i n g c a l i b r a t i o n meeting at MISU.
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56 Removed s t r u c t u r e member Bandwidth . Added union to suppor t tangent po in t
57 in aeronomy mode and map po s i t i o n in astronomy mode .
58

59 Version 0 . 9 :
60 Added new spec t ra t ype s : SK1, SK2, DRK fo r sky beam 1 , sky beam 2
61 and AOS dark spectrum , r e s p e c t i v e l y .
62 Edited comments f o r f ron tend type s .
63

64 Version 1 . 0 :
65 Added backend FBA, a f t e r d e c i s i on at OST 35 to s t o r e f i l t e r bank data
66 as 3 channel spec t rometer and abandoning ex t ra f i l e formats f o r FBA data .
67 Added f l a g SATURNMB and rep l a ced f l a g s EAC1, EAC2 and EAOS by ECALMIRROR
68 and ESIGLEVEL.
69 Replaced member Vhel by Vgeo , f o l l ow i n g sug g e s t i on by Nico las Biver .
70 Added doc++ s t y l e comments .
71

72 Version 1.1
73 Added spectrum type SPE fo r c a l i b r a t e d spec t ra . Added b i t d e f i n i t i o n
74 WBANDADJUST which w i l l be s e t in c o r r e l a t o r spec t ra which show
75 s t a i r−case ing . Redef ined b i t d e f i n i t i o n f o r ICOMMISSION.
76

77 Version 1.2
78 Replaced s t r u c t u r e member ’ Trec ’ by ’ SBpath ’ , a f t e r d i s cu s s i on during
79 a meeting o f the Odin SMR aeronomy data r e t r i e v a l group at Onsala , May
80 21−23, 2001.
81 Added d e f i n i t i o n s o f cons tan t s f o r s t o r i n g the aeronomy mode in member
82 ’ Topic ’ .
83

84 Version 1.3
85 Added spectrum type SSB fo r s ideband ra t i o , a f t e r SMR−RG meeting in
86 Bordeaux . Also added type AVE fo r averaged spec tra , mainly meant f o r
87 astronomy .
88

89 Version 1.4
90 Corrected d e f i n i t i o n s o f SkyBeamHit r e l a t e d cons tan t s (EARTH1, . . . )
91 to correspond to i n d i v i d u a l b i t s .
92

93 Version 1.5
94 Introduced new way o f d e s c r i b i n g IntMode f o r AC1 and AC2. These new
95 mode de s i gna t i on s are cha ra c t e r i s e d by s e t t i n g b i t ADC SEQ in header
96 v a r i a b l e IntMode . B i t s AC SPLIT and AC UPPER are rep l a ced by ADC SPLIT
97 and ADC UPPER. A l l IntMode dependent code i s supposed to handle both
98 o ld and new modes and shou ld check b i t ADC SEQ be f o r e p roce s s ing .
99

100 Version 1.6
101 Replaced header v a r i a b l e FreqThrow by SodaVersion , in order to s t o r e
102 so f tware ve r s i on used during a t t i t u d e r e con s t ru c t i on .
103 ∗/
104

105 //@{
106 /∗∗@name Constants
107

108 The f o l l ow i n g macros shou ld be used whenever p o s s i b l e ra the r than
109 i n t e g e r cons tants , to make sure t ha t program code s t a y s p o r t a b l e
110 from one ve r s i on to another . This means you shou ld use code l i k e
111 \ beg in { verbat im }
112 i f ( scan−>Backend == AOS) . . .
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113 \end{ verbat im }
114 ra the r than
115 \ beg in { verbat im }
116 i f ( scan−>Backend == 3) . . .
117 \end{ verbat im }
118 to t e s t f o r the backend in format ion in an OdinScan s t r u c t u r e .
119

120 The f o l l ow i n g cons tan t s (macros ) are de f ined :
121 \ beg in { verbat im }
122

123 #de f i n e ODINSCANVERSION curren t ve r s i on
124

125 Define the d i s c i p l i n e s :
126 #de f i n e AERO aeronomy
127 #de f i n e ASTRO astronomy
128

129 Define the var ious t o p i c s in astronomy :
130 #de f i n e SOLSYS so l a r system
131 #de f i n e STARS l a t e type s t a r s
132 #de f i n e EXTGAL e x t r a g a l a c t i c
133 #de f i n e LMC Mage l lan ic c l ouds
134 #de f i n e PRIMOL pr imord ia l mo lecu le s
135 #de f i n e SPECTR sp e c t r a l scans
136 #de f i n e CHEM i n t e r s t e l l a r chemis try
137 #de f i n e GPLANE g a l a c t i c p lane
138 #de f i n e GCENTR g a l a c t i c cen t re
139 #de f i n e GMC g ian t molecu lar c l ouds
140 #de f i n e SFORM s ta r formation
141 #de f i n e DCLOUD dark c l ouds
142 #de f i n e SHOCKS shocks and ou t f l ow s
143 #de f i n e PDR photon dominated reg i ons
144 #de f i n e HILAT high l a t i t u d e c l ouds
145 #de f i n e ABSORB absorp t i on l i n e s t u d i e s
146 #de f i n e ORION common Orion p r o j e c t
147 #de f i n e CALOBS c a l i b r a t i o n ob s e r va t i on s
148 #de f i n e COMMIS commissioning phase measurement
149

150 Define modes f o r aeronomy :
151 #de f i n e STRAT s t r a t o s p h e r i c mode (1 or 2)
152 #de f i n e ODD N odd n i t rogen mode
153 #de f i n e ODD H odd hydrogen mode (1 ,2 or 3)
154 #de f i n e WATER water mode (1 or 2)
155 #de f i n e SUMMER summer mesosphere
156 #de f i n e DYNA dynamic . . .
157

158 Ava i l a b l e backends :
159 #de f i n e AC1 co r r e l a t o r 1
160 #de f i n e AC2 co r r e l a t o r 2
161 #de f i n e AOS acousto op t i c spec t rometer
162 #de f i n e FBA 3 channel f i l t e r bank
163

164 Backend modes :
165 #de f i n e AOS LONG 1728 32− b i t data .
166 #de f i n e AOS SHORT 1728 16− b i t data .
167 #de f i n e AOS HALF 864 32− b i t data .
168 #de f i n e AOS FOUR 432 32− b i t data .
169 #de f i n e AOS CENTRE high r e s o l u t i o n at cen t re .
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170 #de f i n e AOS WINGS high r e s o l u t i o n in wings .
171 #de f i n e AOSWINDOW high r e s o l u t i o n window .
172

173 #de f i n e AC XHIRES 1 x 100 MHz at 125 kHz r e s o l u t i o n .
174 #de f i n e AC HIRES 2 x 100 MHz at 250 kHz r e s o l u t i o n .
175 #de f i n e AC MEDRES 4 x 100 MHz at 500 kHz r e s o l u t i o n .
176 #de f i n e AC LOWRES 4 x 200 MHz at 1000 kHz r e s o l u t i o n .
177 #de f i n e AC YHIRES 1 x 100 MHz at 1000/7 kHz r e s o l u t i o n ( seven ch ip s ! )
178 #de f i n e AC SPLIT co r r e l a t o r s p l i t between f ron t ends .
179 #de f i n e AC UPPER co r r e l a t o r upper h a l f .
180 #de f i n e ADC SEQ new ver s i on f o r ADC mode coding
181 #de f i n e ADC SPLIT co r r e l a t o r s p l i t between f ron t ends (new)
182 #de f i n e ADC UPPER co r r e l a t o r upper h a l f (new)
183

184 Ava i l a b l e r e c e i v e r s ( f ron t ends ) :
185 #de f i n e REC 555 mixer B2 .
186 #de f i n e REC 495 mixer A2.
187 #de f i n e REC 572 mixer B1 .
188 #de f i n e REC 549 mixer A1.
189 #de f i n e REC 119 mixer C.
190 #de f i n e REC SPLIT power combiner , c o r r e l a t o r s on ly .
191

192 Define the var ious ob s e r v ing modes :
193 #de f i n e TPW t o t a l power measurement .
194 #de f i n e SSW sky sw i t ch ing .
195 #de f i n e LSW load sw i t ch ing .
196 #de f i n e FSW frequency sw i t ch ing ( on ly f o r 119 GHz . )
197

198 Define the var ious spectrum type s :
199 #de f i n e SIG on spectrum towards t a r g e t .
200 #de f i n e REF re f e r ence spectrum .
201 #de f i n e CAL c a l i b r a t i o n spectrum towards load .
202 #de f i n e CMB frequency comb spectrum ( only f o r AOS. )
203 #de f i n e DRK CCD dark curren t spectrum ( only AOS. )
204 #de f i n e SK1 sky 1 r e f e r ence beam .
205 #de f i n e SK2 sky 2 r e f e r ence beam .
206 #de f i n e SPE c a l i b r a t e d spectrum .
207 #de f i n e SSB sideband r a t i o spectrum .
208 #de f i n e AVE averaged c a l i b r a t e d spec t ra .
209

210 Define f l a g s f o r avoidance o b j e c t s and zones :
211 #de f i n e SKYBEAMS number o f sky beams .
212 #de f i n e EARTH1 sky beam 1 po in t s at Earth .
213 #de f i n e MOON1 sky beam 1 po in t s a t Moon .
214 #de f i n e GALAX1 sky beam 1 po in t s at g a l a c t i c p lane .
215 #de f i n e SUN1 sky beam 1 po in t s a t Sun .
216 #de f i n e EARTH2 sky beam 2 po in t s at Earth
217 #de f i n e MOON2 sky beam 2 po in t s a t Moon
218 #de f i n e GALAX2 sky beam 2 po in t s at g a l a c t i c p lane
219 #de f i n e SUN2 sky beam 2 po in t s a t Sun .
220 #de f i n e EARTHMB main beam po in t s at Earth .
221 #de f i n e MOONMB main beam po in t s a t Moon .
222 #de f i n e JUPITERMB main beam po in t s at Jup i t e r .
223 #de f i n e SATURNMB main beam po in t s a t Saturn .
224

225 A few u s e f u l macros to determine the s i z e o f the s t r u c t u r e be low :
226 #de f i n e SOURCENAMELEN l eng t h o f source name .
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227 #de f i n e MAXCHANNELS maximum number o f channe l s .
228 #de f i n e MAXDATA maximium l en g t h o f data .
229 #de f i n e SCANLEN scan l en g t h in by t e s .
230 #de f i n e HEADLEN l eng t h o f header in by t e s .
231

232 Error , warning and in f o codes ( pre l iminary ) :
233 #de f i n e STWRSTMASK n i b b l e w i l l ho ld r e s e t cnt .
234 #de f i n e EPLATFORM pla t form error .
235 #de f i n e EPLL PLL error , LO unlocked .
236 #de f i n e ECALMIRROR po s i t i o n o f c a l mirror undef ined
237 #de f i n e ESIGLEVEL s i g n a l l e v e l in error
238 #de f i n e WFREQUENCY warn : f requency u n r e l i a b l e .
239 #de f i n e WAMPLITUDE warn : ampl i tude u n r e l i a b l e .
240 #de f i n e WPOINTING warn : u n r e l i a b l e po in t i n g
241 #de f i n e WBANDADJUST one or more c o r r e l a t o r bands ad ju s t ed
242 #de f i n e ILINEAR spectrum has been l i e a r i s e d
243 #de f i n e ISORTED spectrum has been f requency so r t ed
244 #de f i n e ICOMMISSION taken during commissioning .
245 \end{ verbat im }
246 ∗/
247

248 #define ODINSCANVERSION 0x0106
249

250 /∗
251 Note , t h a t in the var ious l i s t s be low enumerations s t a r t a t 1
252 and not ( ! ) a t 0 .
253 This enab l e s proper treatment o f u n i n i t i a l i z e d s t r u c t u r e members
254 ∗/
255 #define UNDEFINED 0
256

257 #define AERO 1
258 #define ASTRO 2
259

260 #define SOLSYS 1
261 #define STARS 2
262 #define EXTGAL 3
263 #define LMC 4
264 #define PRIMOL 5
265 #define SPECTR 6
266 #define CHEM 7
267 #define GPLANE 8
268 #define GCENTR 9
269 #define GMC 10
270 #define SFORM 11
271 #define DCLOUD 12
272 #define SHOCKS 13
273 #define PDR 14
274 #define HILAT 15
275 #define ABSORB 16
276 #define ORION 17
277 #define CALOBS 18
278 #define COMMIS 19
279

280 #define STRAT 1
281 #define ODD N 2
282 #define ODD H 3
283 #define WATER 4
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284 #define SUMMER 5
285 #define DYNA 6
286

287 #define AC1 1
288 #define AC2 2
289 #define AOS 3
290 #define FBA 4
291

292 #define AOS LONG 1
293 #define AOS SHORT 2
294 #define AOS HALF 3
295 #define AOS FOUR 4
296 #define AOS CENTRE 5
297 #define AOS WINGS 6
298 #define AOSWINDOW 7
299

300 #define AC XHIRES 1
301 #define AC HIRES 2
302 #define AC MEDRES 3
303 #define AC LOWRES 4
304 #define AC YHIRES 5
305 #define AC SPLIT (1<<4)
306 #define AC UPPER (1<<5)
307

308 #define ADC SEQ (1<<8)
309 #define ADC SPLIT (1<<9)
310 #define ADC UPPER (1<<10)
311

312 #define REC 555 1
313 #define REC 495 2
314 #define REC 572 3
315 #define REC 549 4
316 #define REC 119 5
317 #define REC SPLIT 6
318

319 #define TPW 1
320 #define SSW 2
321 #define LSW 3
322 #define FSW 4
323

324 #define SIG 1
325 #define REF 2
326 #define CAL 3
327 #define CMB 4
328 #define DRK 5
329 #define SK1 6
330 #define SK2 7
331 #define SPE 8
332 #define SSB 9
333 #define AVE 10
334

335 #define SKYBEAMS 2
336 #define EARTH1 0x0001
337 #define MOON1 0x0002
338 #define GALAX1 0x0004
339 #define SUN1 0x0008
340 #define EARTH2 0x0010
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341 #define MOON2 0x0020
342 #define GALAX2 0x0040
343 #define SUN2 0x0080
344 #define EARTHMB 0x0100
345 #define MOONMB 0x0200
346 #define JUPITERMB 0x0400
347 #define SATURNMB 0x0800
348

349 #define SOURCENAMELEN 32
350 #define MAXCHANNELS 1728
351 #define MAXDATA MAXCHANNELS∗ s izeof ( f loat )
352 #define SCANLEN s izeof ( struct OdinScan )
353 #define HEADLEN (SCANLEN−MAXDATA)
354

355 #define STWRSTMASK 0x0000000f
356 #define EPLATFORM 0x00000010
357 #define EPLL 0x00000020
358 #define ESIGLEVEL 0x00000100
359 #define ECALMIRROR 0x00000800
360 #define WFREQUENCY 0x00001000
361 #define WAMPLITUDE 0x00002000
362 #define WPOINTING 0x00004000
363 #define WBANDADJUST 0x00010000
364 #define ILINEAR 0x01000000
365 #define ISORTED 0x02000000
366 #define ICOMMISSION 0x10000000
367

368 typedef union {
369 /∗ aeronomy : tangent po in t parameters ∗/
370 struct {
371 f loat Longitude ;
372 f loat Lat i tude ;
373 f loat Alt i tude ;
374 } tp ;
375 /∗ astronomy : map parameters ∗/
376 struct {
377 f loat Xoff ;
378 f loat Yoff ;
379 f loat Ti l t ;
380 } map ;
381 } point ;
382

383 /∗∗@name Layout ∗/
384 struct OdinScan {
385 /∗∗ Version number .
386 The ver s i on number o f {\ t t odinscan . h} which was in use when
387 the data were crea t ed . When read ing a spectrum from disk , one shou ld
388 check t ha t the ve r s i on s t o r ed in the spectrum header agrees wi th
389 the ve r s i on your so f tware was compi led wi th :
390 \ beg in { verbat im }
391 i f ( spectrum−>Version == ODINSCANVERSION) {
392 // ok to proces s wi th t h i s so f tware
393 . . .
394 }
395 \end{ verbat im }
396 When wr i t i n g data the so f tware shou ld make sure t ha t the ve r s i on
397 number i s s e t c o r r e c t l y .
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398 \ beg in { verbat im }
399 spectrum−>Version = ODINSCANVERSION;
400 \end{ verbat im }
401 When read as a hexadecimal number , the h igh n i b b l e w i l l conta in the
402 major ve r s i on number , the low n i b b l e the minor ve r s i on . During
403 so f tware development the major ve r s i on number w i l l be 0 and any
404 so f tware us ing major ve r s i on 0 s h a l l be cons idered pre l iminary .
405

406 Related cons tant : ODINSCANVERSION
407 ∗/
408 unsigned short Vers ion ;
409

410 /∗∗ Leve l o f data reduc t i on app l i e d .
411 This word i s used to i n d i c a t e l e v e l and ve r s i on numbers o f
412 c a l i b r a t i o n procedures and po in t i n g cons tan t s have been used .
413 ∗/
414 unsigned short Level ;
415

416 /∗∗ Sta tus i n f o f o r p la t form and payload .
417 Up to 32 b i t o f s t a t u s in format ion f o r var ious p la t form and payload
418 components . Macros ( see be low ) s t a r t i n g wi th {\ t t E} i n d i c a t e
419 error cond i t i ons , those s t a r t i n g wi th {\ t t W} i n d i c a t e warnings and
420 t hose s t a r t i n g wi th {\ t t I } are f o r in fo rmat i v e purposes .
421

422 Related cons tan t s :
423

424 STWRSTMASK,
425 EPLATFORM,
426 EPLL,
427 EAOS,
428 EAC1,
429 EAC2,
430 WFREQUENCY,
431 WAMPLITUDE,
432 WBANDADJUST,
433 ICOMMISSION
434

435 @see Constants
436 ∗/
437 unsigned long Qual i ty ;
438

439 /∗∗ S a t e l l i t e time word .
440 This i s s imply a copy o f the s a t e l l i t e time word from the f i r s t
441 b l o c k o f l e v e l 0 data be l ong ing to t h i s spectrum . As t h i s i s the
442 STW when data were t r an s f e r r e d from the spec t rometer s to the mass
443 memory , i t corresponds to the end o f the measurement .
444 ∗/
445 unsigned long STW;
446

447 /∗∗ Modif ied Ju l i an date o f o b s e r va t i on .
448 The modi f i ed Ju l i an date at the s t a r t o f the ob s e r va t i on .
449 The modi f i ed Ju l i an date i s r e l a t e d to the Ju l i an date {\ t t JD}
450 in use in astronomy by :
451 \ beg in { verbat im }
452 JD = spectrum−>MJD + 2400000.5 ;
453 \end{ verbat im }
454 Note , t h a t the Ju l i an date s t a r t s a t noon , whereas the modi f i ed
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455 Ju l i an date s t a r t s a t midnight , e . g . MJD=0.0 corresponds to 1858
456 November 17 at 0 .0 UTC. The f r a c t i o n a l par t g i v e s UTC in seconds
457 o f day v ia
458 \ beg in { verbat im }
459 UTC = modf ( spectrum−>MJD)∗86400 .0 ;
460 \end{ verbat im }
461 ∗/
462 double MJD;
463

464 /∗∗ Number o f o r b i t p l u s f r a c t i o n .
465 The o r b i t number at the s t a r t o f the ob s e r va t i on . The f r a c t i o n a l par t
466 i s the phase ( p o s i t i o n ) w i th in the o r b i t r e l a t i v e
467 to the equator c ro s s i n g . The o r b i t number i s e x t r a c t e d from
468 column 6 o f b l o c k 3 o f an a t t i t u d e f i l e .
469 ∗/
470 double Orbit ;
471

472 /∗∗ Local s i d e r e a l time o f o b s e r va t i on .
473 The l o c a l (mean) s i d e r e a l time at the s t a r t o f the ob s e r va t i on in
474 seconds . I t i s c a l c u l a t e d based on UTC and the current
475 s a t e l l i t e p o s i t i o n . The l a t t e r in turn i s de r i v ed from the GPS
476 po s i t i o n r e t r i e v e d from columns 18−20 o f b l o c k 3 o f an a t t i t u d e f i l e .
477 ∗/
478 f loat LST;
479

480 /∗∗ Source name .
481 A s t r i n g o f 32 charac t e r s ho l d ing the name o f the source
482 ( in astronomy ) or some other d e s c r i p t i o n o f the curren t spectrum
483 ( in aeronomy ) .
484

485 Related cons tan t s :
486

487 SOURCENAMELEN
488

489 The source name i s e x t r a c t e d from the unva l i da t ed time l i n e ( b l o c k 1)
490 o f an a t t i t u d e f i l e . The source name w i l l be s t o r ed ( wi th 16 charac t e r s
491 only ) in comment f i e l d s enc lo sed in square b r a c k e t s on the same l i n e as
492 the {\ t t newompb} keyword . Example :
493 \ beg in { verbat im }
494 newompb : 0 [CALOBS W3(OH) −45.0 POS ]
495 −−−−−−−−−−−−−−−−
496 \end{ verbat im }
497 ∗/
498 char Source [SOURCENAMELEN] ;
499

500 /∗∗ Di s c i p l i n e .
501 The d i s c i p l i n e f o r which t h i s spectrum was taken , e i t h e r aeronomy or
502 astronomy .
503

504 Related cons tan t s :
505

506 AERO,
507 ASTRO
508

509 The d i s c i p l i n e i s i nd i c a t e d by b i t ?? in the index word o f
510 every data b l o c k o f l e v e l 0 AC1, AC2 and AOS f i l e s . I t may be
511 r e t r i e v e d us ing the f o l l ow i n g s ta tement :
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512 \ beg in { verbat im }
513 scan−>Discp l i n e = ( index & 0x0000 ) ? ASTRO : AERO;
514 \end{ verbat im }
515 ∗/
516 short D i s c i p l i n e ;
517

518 /∗∗ Astronomy t op i c .
519 In astronomy , the t o p i c a l team which reque s t ed t h e s e o b s e r va t i on s .
520 Not used by aeronomy .
521

522 Related cons tan t s :
523

524 SOLSYS,
525 STARS,
526 EXTGAL,
527 LMC,
528 PRIMOL,
529 SPECTR,
530 CHEM,
531 GPLANE,
532 GCENTR,
533 GMC,
534 SFORM,
535 DCLOUD,
536 SHOCKS,
537 PDR,
538 HILAT,
539 ABSORB,
540 ORION,
541 CALOBS,
542 COMMIS
543

544 The t o p i c a l team i s e x t r a c t e d from the unva l i da t ed time l i n e ( b l o c k 1)
545 o f an a t t i t u d e f i l e . I t w i l l be s t o r ed ( wi th 6 charac t e r s )
546 in comment f i e l d s enc lo sed in square b r a c k e t s on the same l i n e as
547 the {\ t t newompb} keyword . Example :
548 \ beg in { verbat im }
549 newompb : 0 [CALOBS W3(OH) −45.0 POS ]
550 −−−−−−
551 \end{ verbat im }
552 ∗/
553 short Topic ;
554

555 /∗∗ Spectrum number in t h i s o r b i t .
556 An in t e g e r count ing the i n d i v i d u a l s p ec t ra o f one o r b i t ,
557 s t a r t i n g at 1 . Because i t i s planned to wr i t e data to f i l e s grouped
558 by o r b i t s , t h i s member w i l l normal ly be count ing spec t ra w i th in a
559 l e v e l 1b data f i l e , as w e l l . For averaged spec t ra i t i s the
560 corresponding number o f the f i r s t spectrum used f o r the average .
561 ∗/
562 short Spectrum ;
563

564 /∗∗ Observing mode .
565 The ob se r v ing mode in use when t h i s spectrum was taken .
566

567 Related cons tan t s :
568
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569 TPW,
570 SSW,
571 LSW,
572 FSW
573 ∗/
574 short ObsMode ;
575

576 /∗∗ Type o f spectrum .
577 The type o f the current spectrum .
578

579 Related cons tan t s :
580

581 SIG ,
582 REF,
583 CAL,
584 CMB,
585 DRK,
586 SK1,
587 SK2,
588 SPE,
589 SSB,
590 AVE
591

592 Except f o r the l a s t two q u a l i f i e r s ( which w i l l be s e t by the l e v e l 1a
593 to l e v e l 1b data reduc t i on so f tware ) t h i s in format ion i s r e t r i e v e d
594 mainly from the l e v e l 0 f i l e s o f a l l spec t rometer s . A l l spec t rometer s
595 s t o r e the p o s i t i o n o f the chopper wheel , i . e . SIG or REF. A REF
596 spectrum can be q u a l i f i e d as CAL, SK1 or SK2 once the p o s i t i o n o f the
597 c a l i b r a t i o n mirror i s known . This i s r e t r i e v e d e i t h e r from the
598 spec t rometer f i l e s ( in the case o f the AOS) or from {\ t t STW.FBA}
599 f i l e s , which record the p o s i t i o n o f t h i s mirror wi th 1 second sampling .
600 ∗/
601 short Type ;
602

603 /∗∗ Frontend used .
604 The f rontend used f o r t h i s o b s e r va t i on .
605

606 Related cons tan t s :
607

608 REC 495 ,
609 REC 549 ,
610 REC 555 ,
611 REC 572 ,
612 REC 119 ,
613 REC SPLIT
614

615 The in format ion i s r e t r i e v e d from the input channel r epor t ed by
616 each spec t rometer . For the s p l i t modes and the cu r r en t l y accepted
617 f ron tend con f i gu ra t i on s , AC1 w i l l ho ld REC 495 data in i t s lower h a l f
618 and REC 549 in i t s upper h a l f . AC2 w i l l ho ld REC 572 data in i t s
619 lower h a l f and REC 555 in i t s upper h a l f . During the data proce s s ing
620 from l e v e l 1a to l e v e l 1b the two h a l f s o f any s p l i t mode w i l l be
621 broken up in two i n d i v i d u a l s p ec t ra and s t o r ed as such .
622 ∗/
623 short Frontend ;
624

625
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626 /∗∗ Backend used .
627 The backend used f o r t h i s o b s e r va t i on .
628

629 Related cons tan t s :
630

631 AC1,
632 AC2,
633 AOS
634 ∗/
635 short Backend ;
636

637 /∗∗ I nd i c a t e s beam( s ) on avoidance zones .
638 The 16 b i t s o f t h i s word i n d i c a t e p o s s i b l e h i t s o f major
639 sources o f su bmi l l ime t r e emiss ion by one o f the skybeams or the
640 main beam . E. g to t e s t i f the main beam was po in t i n g at the Moon
641 when a spectrum was taken during a l imb scan measurement in aeronomy
642 mode :
643 \ beg in { verbat im }
644 i f ( spectrum−>SkyBeamHit &amp ; MOONMB) {
645 // oops ! we were l o o k in g at the Moon
646 . . .
647 }
648 \end{ verbat im }
649

650 Related cons tan t s :
651

652 SKYBEAMS,
653 EARTH1,
654 MOON1,
655 GALAX1,
656 SUN1,
657 EARTH2,
658 MOON2,
659 GALAX2,
660 SUN2,
661 EARTHMB,
662 MOONMB,
663 JUPITERMB,
664 SATURNMB
665

666 The in format ion i s c a l c u l a t e d based on the s a t e l l i t e ’ s a t t i t u d e
667 and a low p r e c i s i on ephemeris f o r the Sun and Moon . The zone o f
668 avoidance f o r the g a l a c t i c p lane i s based on the map o f i n t e g r a t e d
669 CO 1−0 emiss ion from the Columbia survey .
670 ∗/
671 short SkyBeamHit ;
672

673 /∗∗ Right ascens ion .
674 The r i g h t ascens ion ( J2000 ) o f the source ( d i r e c t i o n o f po in t i n g )
675 in degrees . Ca l cu l a t ed from the qua tern ions s t o r ed in columns
676 11−14 o f b l o c k 3 o f an a t t i t u d e f i l e .
677 ∗/
678 f loat RA2000 ;
679

680 /∗∗ Dec l ina t i on .
681 The d e c l i n a t i o n ( J2000 ) o f the source ( d i r e c t i o n o f po in t i n g )
682 in degrees . Ca l cu l a t ed from the qua tern ions s t o r ed in columns
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683 11−14 o f b l o c k 3 o f an a t t i t u d e f i l e .
684 ∗/
685 f loat Dec2000 ;
686

687 /∗∗ Source v e l o c i t y .
688 For astronomy , the v e l o c i t y o f source wi th r e s p e c t to the l o c a l
689 s tandard o f r e s t (LSR) in m/s . I t i s e x t r a c t e d from the
690 unva l i da t ed time l i n e ( b l o c k 1) o f an a t t i t u d e f i l e . The source
691 v e l o c i t y w i l l be s t o r ed ( wi th a {\ t t %7.1 f } format )
692 in comment f i e l d s enc lo sed in square b r a c k e t s on the same l i n e as
693 the {\ t t newompb} keyword . Example :
694 \ beg in { verbat im }
695 newompb : 0 [CALOBS W3(OH) −45.0 POS ]
696 −−−−−−−
697 \end{ verbat im }
698 For aeronomy , the r e l a t i v e v e l o c i t y in m/s between the s a t e l l i t e
699 and the tangent po in t . This i s c a l u l a t e d from the s a t e l l i t e s GPS
700 v e l o c i t y s t o r ed in columns 21−23 o f b l o c k 3 o f an a t t i t u d e f i l e .
701 ∗/
702 f loat VSource ;
703

704 /∗∗ Tangent po in t or map po s i t i o n .
705 The union ho l d s two s t ru c tu r e s , each c on s i s t i n g o f t h r e e
706 {\ t t f l o a t } va l u e s wi th d i f f e r e n t meanings in astronomy and aeronomy .
707

708 In astronomy the union ho l d s a
709 s t r u c t u r e {\ t t map} , d e s c r i b i n g map parameters in case the current
710 spectrum i s par t o f a mapping ob s e r va t i on :
711 \ beg in { verbat im }
712 f l o a t Xoff // the map o f f s e t in the x−d i r e c t i o n in degrees .
713 f l o a t Yoff // the map o f f s e t in the x−d i r e c t i o n in degrees .
714 f l o a t T i l t // the p o s i t i o n ang l e o f the map in degrees .
715 \end{ verbat im }
716

717 In aeronomy the union ho l d s a s t r u c t u r e {\ t t tp } , d e s c r i b i n g the
718 curren t tangent po in t :
719 \ beg in { verbat im }
720 f l o a t Longitude // geog raph i ca l l o n g i t u d e o f the tangent po in t in degrees .
721 f l o a t La t i tude // geog raph i ca l l a t i t u d e o f the tangent po in t in degrees .
722 f l o a t A l t i t u d e // g eog raph i ca l a l t i t u d e o f the tangent po in t in meter .
723 \end{ verbat im }
724

725 Code to acces s the var ious members would l ook l i k e t h i s :
726 \ beg in { verbat im }
727 scan−>u . tp . Longitude
728 scan−>u .map . Yoff
729 \end{ verbat im }
730

731 The in format ion on the map po s i t i o n i s s t o r ed in b l o c k 1 o f an
732 a t t i t u d e f i l e . The map po s i t i o n w i l l be s t o r ed
733 in comment f i e l d s enc lo sed in square b r a c k e t s on the same l i n e as
734 the {\ t t newompb} keyword . Example :
735 \ beg in { verbat im }
736 newompb : 0 [CALOBS W3(OH) −45.0 MAP 60 −120 180 .0 ]
737 −−−−− −−−−− −−−−−−
738 \end{ verbat im }
739 The in format ion on the tangent po in t i s s t o r ed in columns 27−29 o f
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740 b l o c k 3 o f an a t t i t u d e f i l e .
741 ∗/
742 point u ;
743

744 /∗∗ Reference a t t i t u d e .
745 The re f e r ence a t t i t u d e g iven as a quatern ion (4− vec t o r ) as l i s t e d in
746 columns 8−10 o f b l o c k 3 o f an a t t i t u d e f i l e .
747 ∗/
748 double Qtarget [ 4 ] ;
749

750 /∗∗ Achieved a t t i t u d e .
751 The ach ieved a t t i t u d e g iven as a quatern ion (4− vec t o r ) as l i s t e d in
752 columns 11−14 o f b l o c k 3 o f an a t t i t u d e f i l e .
753 ∗/
754 double Qachieved [ 4 ] ;
755

756 /∗∗ At t i t ude error .
757 The a t t i t u d e error in degrees , d e s c r i b i n g the po in t i n g unce r t a in t y
758 around the 3 p r i n c i p l e axes o f the s a t e l l i t e .
759 Li s t ed in columns 15−17 o f b l o c k 3 o f an a t t i t u d e f i l e .
760 ∗/
761 double Qerror [ 3 ] ;
762

763 /∗∗ Geocentr ic p o s i t i o n .
764 The geoc en t r i c p o s i t i o n $X$ , $Y$ , $Z$ in meter o f the s a t e l l i t e a t the
765 end o f the ob s e r va t i on as repor t ed by the GPS r e c e i v e r onboard
766 o f Odin and as l i s t e d in columns 18−20 o f b l o c k 3 o f an a t t i t u d e f i l e .
767 ∗/
768 double GPSpos [ 3 ] ;
769

770 /∗∗ Geocentr ic v e l o c i t y .
771 The geoc en t r i c v e l o c i t y $\ dot X$ , $\ dot Y$ , $\ dot Z$ in meter per
772 second o f the s a t e l l i t e a t the end o f the ob s e r va t i on as repor t ed
773 by the GPS r e c e i v e r onboard o f Odin and as l i s t e d in columns 21−23
774 o f b l o c k 3 o f an a t t i t u d e f i l e .
775 ∗/
776 double GPSvel [ 3 ] ;
777

778 /∗∗ Geocentr ic p o s i t i o n o f Sun .
779 The geoc en t r i c p o s i t i o n o f the Sun in meter . Ca l cu l a t ed based on
780 curren t time us ing a low p r e c i s i on ephemeris . Accuracy i s guaranteed
781 to be one arcmin or b e t t e r .
782 ∗/
783 double SunPos [ 3 ] ;
784

785 /∗∗ Geocentr ic p o s i t i o n o f Moon .
786 The geoc en t r i c p o s i t i o n o f the Moon in meter . Ca l cu l a t ed based on
787 curren t time us ing a low p r e c i s i on ephemeris . Accuracy i s guaranteed
788 to be one arcmin or b e t t e r .
789 ∗/
790 double MoonPos [ 3 ] ;
791

792 /∗∗ So lar z en i t h ang l e .
793 The s o l a r z en i t h ang l e in degrees . Ca l cu l a t ed from the po s i t i o n o f
794 the Sun and t h e r e f o r e wi th the same i n t r i n s i c accuracy .
795 ∗/
796 f loat SunZD ;
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797

798 /∗∗ Ve loc i t y wi th r e s p e c t to the Earth .
799 The v e l o c i t y o f the s a t e l l i t e wi th r e s p e c t to the Earth in
800 meter per second . Ca l cu l a t ed from curren t time and s a t e l l i t e
801 GPS po s i t i o n and v e l o c i t y .
802 ∗/
803 f loat Vgeo ;
804

805 /∗∗ Ve loc i t y wi th r e s p e c t to LSR.
806 In astronomy , the v e l o c i t y o f the s a t e l l i t e wi th r e s p e c t to the
807 l o c a l s tandard o f r e s t (LSR) in meter per second . Ca l cu l a t ed from
808 curren t time and s a t e l l i t e GPS po s i t i o n and v e l o c i t y .
809 Not used by aeronomy .
810 ∗/
811 f loat Vlsr ;
812

813 /∗∗ Calbra t ion temperature .
814 The Ray le igh Jeans temperature in Kelv in o f the c a l i b r a t i o n load
815 used during the i n t e n s i t y c a l i b r a t i o n o f t h i s spectrum . The ph y s i c a l
816 temperature o f the load i s r e t r i e v e d from l e v e l 0 house keep ing
817 data f i l e s .
818 ∗/
819 f loat Tcal ;
820

821 /∗∗ System temperature .
822 The mean va lue o f the system temperature in Kelv in
823 used during the i n t e n s i t y c a l i b r a t i o n o f t h i s spectrum .
824 Ca lcu l a t ed during c a l i b r a t i o n .
825 ∗/
826 f loat Tsys ;
827

828 /∗∗ Dip l exer path l e n g t h .
829 The path l e n g t h in meter o f the SSB d i p l e x e r . Extrac ted from house
830 keep ing data f i l e s .
831 ∗/
832 f loat SBpath ;
833

834 /∗∗ Local o s c i l l a t o r f requency .
835 The ( f i r s t ) l o c a l o s c i l l a t o r f requency in Hz used f o r t h i s o b s e r va t i on
836 in the r e s t frame o f the s a t e l l i t e . Ca l cu l a t ed from the in format ion
837 on HRO and PRO frequency s t o r ed in l e v e l 0 house keep ing data f i l e s .
838 ∗/
839 double LOFreq ;
840

841 /∗∗ Sky f requency .
842 The frequency in Hz o f the cen t re channel in the r e s t frame o f the
843 s a t e l l i t e , i . e not Doppler co r r e c t ed . Ca l cu l a t ed from the LO frequency
844 and the va lue o f the IF frequency , which w i l l be e i t h e r +3900 MHz or
845 −3900 MHz. The s i gn i s c a l c u l a t e d based on the s e t t i n g o f the SSB
846 tuning mechanism , s t o r ed in the l e v e l 0 house keep ing data f i l e s .
847

848 Note t ha t the index o f the cen t re channel {\ t t cc} i s d e f i ned as
849 \ beg in { verbat im }
850 cc = spectrum−>Channels /2 ;
851 \end{ verbat im }
852 with a l l the imp l i c a t i on s o f an i n t e g e r d i v i s i o n . This means , t h a t
853 f o r an odd number o f channels , the d i v i s i o n y i e l d s the co r r e c t array
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854 index o f the cen t re channel , f o r an even number o f channe l s we ge t
855 the index o f the channel j u s t above the cen t re o f the band ( which f a l l s
856 between two channe l s ) .
857 ∗/
858 double SkyFreq ;
859

860 /∗∗ Rest f requency .
861 The frequency in Hz o f the cen t re channel in the r e s t frame o f the
862 observed ob j e c t , i . e Doppler co r r e c t ed . The same d e f i n i t i o n o f
863 cen t re channel a p p l i e s as f o r the prev ious member . Ca l cu l a t ed from
864 sky f requency and a p p l i c a b l e Doppler co r r e c t i on ( see Vlsr ) .
865

866 For astronomy , the LSR v e l o c i t y o f the source supp l i e d v ia b l o c k 1
867 o f an a t t i t u d e f i l e t o g e t h e r wi th the c a l c u l a t e d LSR v e l o c i t y o f
868 the s a t e l l i t e i s used to t r a n s l a t e the sky f requency to a r e s t frame
869 centred on the source .
870

871 For aeronomy , the r e l a t i v e v e l o c i t y o f the s a t e l l i t e in the d i r e c t i o n
872 o f the tangent po in t i s used to t r a n s l a t e the sky f requency to an
873 ear th f i x e d r e f e r ence frame .
874

875 The frequency co r r e c t i on i s c a l c u l a t e d us ing the rad io convent ion :
876 \ beg in { verbat im }
877 SkyFreq = RestFreq ∗(1 − v/c )
878 \end{ verbat im }
879 ∗/
880 double RestFreq ;
881

882 /∗∗ Frequency o f max . suppre s s ion .
883 The s ideband f requency in Hz corresponding to the f requency o f
884 maximum suppres s ion in the r e s t frame o f the s a t e l l i t e ,
885 i . e not Doppler co r r e c t ed .
886 ∗/
887 double MaxSuppression ;
888

889 /∗∗ Soda ve r s i on .
890 The ver s i on number o f the a t t i t u d e r e con s t ru c t i on so f tware (SODA)
891 used at SSC during product ion o f a t t i t i u d e f i l e s .
892 ∗/
893 double SodaVersion ;
894

895 /∗∗ Frequency r e s o l u t i o n .
896 The spac ing in Hz between ne ighbour ing channe l s f o r t h i s spectrum .
897 ∗/
898 double FreqRes ;
899

900 /∗∗ Frequency c a l i b r a t i o n c o e f f i c i e n t s .
901 Frequency c a l i b r a t i o n c o e f f i c i e n t s in Hz f o r the spec t rometer in
902 use .
903

904 For the co r r e l a t o r s , t h e s e are the four l o c a l o s c i l l a t o r f r e q u en c i e s
905 o f the SSB modules , in the order in which i n d i v i d u a l bands are read
906 out from the instrument , i . e . 1 ,3 ,2 ,4 when compared to Omnisys
907 documentation .
908 Typica l va l u e s :
909 \ beg in { verbat im }
910 FreqCal [ 0 ] = 3600.0 e+06;
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911 FreqCal [ 1 ] = 3800.0 e+06;
912 FreqCal [ 2 ] = 4000.0 e+06;
913 FreqCal [ 3 ] = 4200.0 e+06;
914 \end{ verbat im }
915

916 For the acousto op t i c spectrometer , t h e s e are the f i t r e s u l t s from the
917 l a s t f requency comb measurement performed .
918 Typica l va l u e s :
919 \ beg in { verbat im }
920 FreqCal [ 0 ] = 2.100 e+09;
921 FreqCal [ 1 ] = 6.200 e+05;
922 FreqCal [ 2 ] = 4.000 e+00;
923 FreqCal [ 3 ] = −1.000e−02;
924 \end{ verbat im }
925 ∗/
926 double FreqCal [ 4 ] ;
927

928 /∗∗ Backend mode .
929 The i n t e g r a t i o n mode o f the backend during the ob s e r va t i on .
930

931 Related cons tan t s
932

933 AC XHIRES,
934 AC HIRES,
935 AC MEDRES,
936 AC LOWRES,
937 AC YHIRES,
938 AC SPLIT ,
939 AC UPPER,
940 ADC SEQ,
941 AOS LONG,
942 AOS SHORT,
943 AOS HALF,
944 AOS FOUR,
945 AOS CENTRE,
946 AOS WINGS,
947 AOSWINDOW
948

949 The in format ion i s r e t r i e v e d from va lue s repor t ed by the
950 spec t rometer s .
951 ∗/
952 int IntMode ;
953

954 /∗∗ I n t e g r a t i on time .
955 The i n t e g r a t i o n time in seconds , i . e . the dura t ion o f t h i s
956 ob s e r va t i on .
957 ∗/
958 f loat IntTime ;
959

960 /∗∗ E f f e c t i v e i n t e g r a t i o n time .
961 The e f f e c t i v e i n t e g r a t i o n time in seconds , i . e . you w i l l g e t the
962 noi se l e v e l in t h i s spectrum by us ing t h i s time and the system
963 temperature from above and the usua l radiometer formula :
964 \ beg in { verbat im }
965 dT = Tsys/ s q r t ( d f ∗ EffTime )
966 \end{ verbat im }
967 where {\ t t d f } i s FreqRes from above .
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968 ∗/
969 f loat EffTime ;
970

971 /∗∗ Number o f channe l s .
972 The number o f channe l s in t h i s spectrum . The maximum number
973 o f channe l s t h a t may occur i s g i ven by the number o f channe l s in
974 the AOS, see be low .
975 ∗/
976 int Channels ;
977

978 /∗∗ Channel data .
979 The array ho l d ing the a c t ua l spectrum . To loop through the
980 array use :
981 \ beg in { verbat im }
982 i n t channel ;
983

984 f o r ( channel = 0 ; channel < spectrum−>Channels ; channel++) {
985 // proces s each channel
986 spectrum−>data [ channel ] = . . . ;
987 }
988 \end{ verbat im }
989

990 Related cons tant :
991

992 MAXCHANNELS
993 ∗/
994 f loat data [MAXCHANNELS] ;
995 } ;
996 //@}
997

998 #endif
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