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Abstract. Odin is a satellite with a combined astronomy and aeronomy mission. It is designed for observations of species
difficult or impossible to observe from ground, especially water and oxygen. The main instrument is a radiometer, operating
in the frequency range 486-581 GHz and at 118.75 GHz. Its double-reflector telescope has a 1.1 m primary and the front-en
amplifiers are cooled for maximum sensitivity. A 3-axis-stabilisation system provides a pointing accuracy bettef tidadirl0
was developed on behalf of the space agencies in Sweden, Canada, France and Finland and was launched into a sun synchror
circular orbit in February 2001. The Odin Science Team, composed of astronomers and aeronomers from the partner countrie
has established the observing programme and is responsible for all scientific matters regarding the Odin project. The spacecr:
and instruments are performing well and operations are expected to continue well beyond the nominal two-year lifetime.
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1. Introduction The need for observations above the atmosphere is obvious

. o . it was not until recently possible to build receivers for subm
The Odin satellite is operated as an orbital observatory use elengths suitable for spacecraft.
on equal terms by both astronomers and aeronomers. The as-

. o . Odin is equipped with a radiometer sensitive to signals
tronomical objectives concentrate on the physical and chem- . ;
. : . . hese almost unexplored wavelength regions (Frisk et al. 20!
ical processes in the interstellar medium that relate to s
0

le first step in exploring the submm region from space w

formation. Related and ot_her topics are the composm_ont Een with SWAS (Melnick et al. 1997). Odin is a more se
comets, atmospheres of giant planets, shells surrounding 6’1 . ) .
itive next step, with a larger antenna, and its actively coo

stars and spectral line surveys. Key species for the stu IS iometers cover a broader frequency range
are HO, O,, NH3, Cl and CO (Hjalmarson 1997; Nordh 1997, g . . ) )
van Dishoeck 1997). Lines of interest occur at submm an Odin is designed to study line profiles, and thereby veloc

. - . . _fields, in detail and to allow for the use of isotopic line
mm wavelengths stering prohibitive atmospheric absorption ' o "
9 gp P P for accurate abundance determinations. In addition, the w

Send gprint requests toL. Nordh, spectral coverage of the Odin radiometer permits extraga
e-mail: lennart .nordh@snsb. se tic observations, molecular searches and unbiased spe
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Fig. 1. Odin satellite schematic. sight

scans (Hjalmarson et al. 2003). Thus, Odin can address many
of the scientific issues to be studied by the forthcoming

HerscheHIFI (Pilbratt 2001; de Grauuw et al. 2001). Fig. 2. Astronomy observation geometry. ST1 and ST2 are the lines-

The aeronomers concentrate on studying the mechanigii§ignt of the two star trackers. The polar, sun-synchronous orbit has
behind the ozone layer depletion on a global scale and thealtitude of 600 km.

mesospheric water vapour distribution. They are interested in
some of the same species as the astronomers, with water as the
most important common denominator. This made it possiblefastics (CFRP). An aluminised kapton sun shield spanned be-
select radiometer bands that suit both disciplines and fly thgeen the solar panels protects the telescope from direct sun-
joint mission. light. Odin generates more than 300 W in sunlit conditions and
The Odin project is a collaboration between Swedefglies on batteries for eclipse operations. Measurements are
Canada, Finland and France. Swedish astronomers &made continuously, except during Earth occultation in astron-
aeronomers in 1990 jointly proposed Odin. After scientific ar@my (Fig. 2), and data are stored onboard for later transmis-
technical preparatory studies and the establishment of a frargi@n to ground, at a rate of 720kbps. With a total contact time
work of international collaboration, the project was given findlf 80 min per day, up to 300 MB of science data can be down-
go-ahead in 1994. A challenging development period followdieiked. The on-board System Unit carries out all central space-
whereupon Odin was successfully launched on 20 Februgfft control, including data handling and power control. It also
2001, by a START-1 rocket from Svobodny in eastern Russidouses the dedicated attitude control computer. Pointing of the
instruments is carried out by moving the entire spacecraftin the
2. Satellite design two different main modes of observation:
The basic spacecraft platform functions are to support and to inertial, long-duration pointing at celestial objects;
point the scientific instruments at their targets, and to provide scanning through the earth atmosphere, some 40 times per
power, proper thermal environment, data storage, and commu-Orbit (limb scanning).

nication between on-board equipment and with the ground st'%- ‘ 4. attitud | handles bott
tion. The Odin equipment is accommodated (Fig. 1) on: The same, star-referenced, attitude-control system handles bot

modes (Jakobsson et al. 2002). In addition to the dedicated at-

— atelescope module, with high thermal stability and aligfitude control computer and its software, the Odin attitude con-
ment accuracy (8perg 1996); trol system includes reaction wheels and magnetic torquers as
— abottom deck, where the spacecraft data handling and sgétuators, and star trackers, gyros, sun sensors and magnetome

sor electronics is placed. The outside houses the launchgs as sensors. Full flexibility and redundancy are employed in
interface ring, sun sensors and solar panel mechanismsihe platform sub-systems.

— two vertical decks, one supporting the radiometer equip-
ment, the other supporting the aeronomy instrument
OSIRIS and additional spacecraft units. 3. Instrument payload

The satellite mass is 242 kg, the height is 2.0m, and the widthe Odin scientific payload consists of the submm radiome-
1.1m in stowed configuration and 3.8 m with deployed ster (SMR), used by both disciplines, and the optical spec-
lar panels. The main structure is made of aluminium (hotrograptiinfrared imaging system (OSIRIS), used by the

eycomb) and the telescope module of carbon fibre reinforcagronomers only.
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Fig. 3. Radiometer spectral line coverage.

The SMR includes four tuneable submm receivers operatientific disciplines, e.g. full sky coverage twice a year for ¢
ing in the frequency range 486-581 GHz and one fixed-tungdnomy. It is stable for several more years than the specil
mm wave receiver at 118.75GHz, three spectrometers antiva-year lifetime of Odin. Measurements are made throug
calibration system. The submm receivers cover a bandwidtht the orbit in aeronomy but in astronomy the Earth occu
of 17 GHz each, by means of tuning mechanisms with micrdime telescope line-of-sight during 30 min perorbit. This tin
precision and electrically adjustable local oscillators. The fres used for calibrations, new settings of the radiometer ¢
guency resolution is selectable between 0.1 and 1 MHz at Data are stored in a solid state memory for later transmiss
stantaneous bandwidths of 0.1 and 1 GHz, respectively. All te-the Swedish Space Corporation (SSC) Esrange ground
ceivers have the same viewing direction and are fed by a CF&#h in northern Sweden. Odin is visible from the station abc
offset Gregorian telescope. The measured rms surface a@umin perday spread over 10-11 passes. The satellite is
racy of the 1.1 m diameter main reflector and the subreflectiogrammed to make its observations, up to several day:
is 8 um and 5um, respectively. The errors in the alignmentsequence, without the need for operator intervention (Lun
together with the #ects of the in-orbit environment, result in2002).
an estimated loss offéciency of 0.1 dB. The beam-size is on  The observing programme is defined by the scienti
the order of 2 for the high frequency receivers and’or community using guidelines ang\8 tools regarding the phys-
the 119 GHz receiver. The telescope is designed to combioal constraints of the satellite. The astronomy program
low side-lobes, high gain and thermal stability. All receiversonstraints, e.g. source visibility and solar aspect angles,
(mixers and pre-amplifiers) are cooled for maximum sensititandled by a planning tool developed in Canada and Swe
ity. The anticipated (and now confirmed) low abundanceof Qo suit the Odin mission. For practical operations the obse
led to the inclusion of a dedicated 119 GHz receiver equippg®) programme is broken down into timelines of about fo
with a sensitive 3-stage transistor (HEMT) preamplifier. Twdays each. The timelines are validated by the Mission Con
small, low-power, hybrid autocorrelation spectrometers ai@éntre (MCC), a long-term planning and analyses group ¢
one acousto-optic spectrometer are used as back-ends. Thegigting of the core satellite development team, at SSC So
diometer can be operated in a variety of modes. Normally tv8weden. Head of the group is the Mission Manager who is
submm receivers and the 119 GHz receiver are operated in gpiansible for the operations of Odin and the operational in
allel (Frisk et al. 2003). face to the scientific community. The MCC also takes care

In Fig. 3 the positions of the most important spectral lineperformance and anomaly analyses. The Odin Control Cel
covered by the radiometer, are displayed. The spectral cover@@€C) at SSC Esrange handles all daily operations tasks.
is a compromise between astronomy and aeronomy needs @U@ performs the last validation of the timeline based
led to the exclusion of the strongep tine at 425 GHz. Spectra fresh orbital data, translates the final timeline into commar
are normally read out every 10 s but the stability of the rand transmits it to the satellite. After reception of scientil
diometer allows very long total integration times to be used; @hd housekeeping data from the satellite the OCC perfol
till now the longest integration time is 100 hours, correspongest-processing to reconstruct the orbit and the attitude of
ing to approximately the same number of orbits. Referengpacecraft. All science data, including time tags and point
switching against cold sky is made through beam switch ojmformation, are archived on a central server and made av
tics or through the telescope by redirecting the spacecraft. able to the instrument data centres through the Internet. T

The radiometer was designed for flexibility in order to bprocessed by the instrument centres and the science group
adaptable to changing scientific requirements and to overcosanehived on the same central server, and made available at
possible failure or degradation of parts of the receivers. ious levels of processing.

4. Orbit and operations 5. Project organisation and development

The Odin orbit is sun synchronous (near polar) and circul@he Odin project is managed by SSC, acting on behalf
at 600km altitude, with the ascending node at 18:00 houtlse Swedish National Space Board (SNSB) supported by
The period is 97 min. This orbit fulfils the requirements of botimternational partners, the Canadian Space Agency (CS
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the National Technology Agency of Finland (Tekes) and ttemall executive group consisting of the Programme Scientist,
Centre National dtudes Spatiales (CNES), France. In ththe Mission Manager, the Aeronomy Mission Scientist and the
beginning of the project agreements were made on the eéstronomy Mission Scientist. In case of major revisions the
nomic and programmatic boundary conditions and the tedroup alerts the Odin Science Team.

nological content of the contribution from each country, Odin is well suited for galactic observations and thus most
in three bilateral Memoranda of Understanding. The Odof the astronomy observing time so far has been used for stud-
Science Team, common for both astronomy and aeronorngg of the galactic interstellar medium with a focus on regions
set the scientific requirements, advised the SSC Project Teafratar formation. Horts to detect @have been the main driver
throughout the development phase and is responsible fordllvery long integration times. A large fraction of the time
scientific matters during the operations phase. The Sciemas also been spent on detailed studies of four comets. Less
Team consists of the SNSB Programme Scientist (Chaitine has been spent on evolved stars with circumstellar shells.
the SSC Project ScientiMission Manager, the AstronomyNGC 253 and LMC are some extragalactic objects that have
and Aeronomy Mission Scientists and eight additional abeen observed. Dedicated spectral scans were not yet sched
tronomers and aeronomers representing the participating coulied, but the long integration times dedicated tp lave re-
tries. Members of the Science Team act as leaders of natiasgted in sensitive searches within limited frequency regions
teams of appointed Odin scientists, associated scientists andiound the main target lines. A simultaneous search in Orion
strument scientists. for >NHz and PH has been performed.

SSC was the prime contractor for development and launch
of Odin and is also responsible for the operations of the sat§!-
lite, under direct contract from SNSB. The SMR Data Centre
at ChalmergOnsala in Sweden is responsible for the first levdlhe launch of Odin, on February 20, 2001 at 17:48 local time
of processing and validation of the scientific data. The scienge a START-1 launcher was nominal and the injection at 18:04
groups further refine the data in order to extract useful infdnto the sun synchronous, 600-km altitude orbit was well within
mation. the specification. The instruments were delivering test data

As prime contractor, SSC was responsible for satellitgithin the first week. Jupiter measurements were made in
system and subsystem design, development, procuremdtéfch, comet Linear-A was studied in April and first measure-
integration and testing. In addition, SSC contributed to tteents in aeronomy mode were made in May. Commissioning
design of the SMR and managed its development and tegfi-the satellite, notably the attitude control system, went on
ing. Development was carried out in a low-cost approaclntinuously in parallel with generation of science data. By
(v. Screele 2002), using a small project team, few manageméitgust uninterrupted high-accuracy pointing had been estab-
layers, and with an emphasis on testing over analysis. lished for astronomy. The in-flight pointing accuracy (1@
astronomy) and pointing stability (4during one hour) is well
within the requirements. The pointingfieiency, i.e. stable
pointing with suficient certainty in the reconstruction, during
The available observing time is shared equally between &sheduled time is better than 95%.
tronomy and aeronomy, although the timeline requirements of Problems to start the mechanical cooler in the beginning of
the two disciplines are quite fierent. The aeronomers needhe mission could be overcome to allow for cooling of the re-
global coverage at regular and frequent intervals. At certaigivers. Alignment and frequency stability of the receivers are
times of the year they require continuous observations of thwstly excellent. The system noise temperature of the receivers
atmosphere for up to two weeks, but it is not possible to presubmm receivers 3300K, and the mm receiver 600K) is as
dict accurately when these periods will occur. The astronoraypected from the pre-launch laboratory tests. Phase lock prob-
programme has source visibility, source crowding, sky-bedams in two of the channels, 119 GHz and 572 GHz, are com-
positions and the solar aspect angle as the main constraintspensated for in the data processing by using atmospheric lines

The species that can be observed with Odin occur in a widering the occulted part of the orbit to determine the frequency
variety of astronomical targets and regions and therefore whdft. Using Jupiter the in-orbit telescope properties and the
observing programme has been planned around a numbep@ihting capability were determined and found to be excellent
specific topics. These topics, based on separate proposals t@tikclose to theoretical expectations. Odin has targeted a vari-
Odin Science Team, have been harmonised in order to cregfiyeof astronomical objects, including several comets. Among
a coherent programme with a minimum of duplication and rather things Odin has:

gaps. Eachtopic is studied by a team of Odin astronomers from detected the ground transition of Nih molecular clouds;

all the p.art|C|pat|n.g countnes, guided by two Lead Scientists. for the first ime measured the isotopic ratio 04D
The topical team is responsible for the preparatory work, the o H,180 in a comet:

_evaluaﬂon of the early results anq the data gnaly3|s regardm_glowered the detection limits of ©

its topic. The results of all the topics are available to, and also manped water vapour outflow in €.d. Orion
limited to, the entire team of Odin astronomers. An observing PP P - '
programme covering many months in advance is formally dall in all, the observatory fulfils the demanding technical re-
cided by the Odin Science Team. When changes to the decideidtements set out at the start of the project. Both scientific

and on-going programme are called for, action is taken byaad operational (e.g. attitude reconstruction) data processing

In-orbit status

6. Observing time and programme
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on ground has been increasingly automated since the laurgthto K. Fredga, for resolutely guiding Odin from proposal to de
Odin is presently turning out up to 300 MB of data per day tgion, and to the SSC project team for dedicatedly realising the proj
astronomers and atmospheric researchers in the four countfiéaglly the Knut and Alice Wallenberg Foundation is thanked for
There is reason to believe that this can continue well b@&nerous contribution to the development of the Odin radiometer.
yond the two-year design-goal lifetime since the orbit is sta-

ble within expectations, the instruments are working well, and

no redundancy switch-in of spacecraft equipment has yet be&sferences

necessary. . . .
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