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Since 2008, the SOLAR package on the ISS has bee n
active in  collecting the so lar outputin earth orbi t
combining three instruments ranging from the far UV to
the infrared. The so lar output is an essential parameter
for earth atmospheric photochemistry and earth climate.
The scientific objectives and results are described by the
Principal In vestigators i n various publications (for
example: G. Sch midtke et al (2 006). While a sh ort
summary of the already achieved science in 2008, 2009
and the first part of 2010 will be given, this presentation
will i nsist on the p ossibilities gi ven by t he ISS and
especially COLUMBUS to exterior payloads devoted to
the observation of the earth.

Real o perations w ill helpun derstand theac tual
advantages a nd d isadvantages of the ISSin terms of
target pointing, telescience operations and possible use
of crew resources.
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The S OLAR pay load ¢ onsists of 3 instruments
complementing eac h ot her to al low me asure the solar
flux throughout vi rtually t he whole el ectromagnetic
spectrum - from 17 nm to 3000 nm - in w hich 99% of
the sol ar energyis emitted. The in struments are
mounted on a Coarse Pointing Device for accurate Sun
pointing and a re con trolled by a Control Un it. The
scientific instruments are:

SOVIM (SOlar Variable & Irradiance Monitor) covers
near UV, v isible and thermal regi mes (200 nm - 100
pm)

SOLSPEC (  SOLar SP  ECctral Irradiance
measurements) covers the 180 nm - 3000 nm range with
high spectral resolution.

SOL-ACES (SOLar  Auto-Calibrating EUV/UV
Spectrophotometers) m easures t he EU V/UV spectra 1
regime (17n m-220 nm)w ith moderate s pectral
resolution.

The SOVIM and SOLS PEC are the upgraded v ersions
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of instruments that have already ac complished seve ral
orbital flights without failure. Significant refurbishment
was nevertheless planned to enable t he i nstrument to
meett he ISSre quirements (s afety, rel iability and
mission d uration) a ndt oim prove thei nstrument
performance, ut ilising t he experience gained from the
past missions. S OL-ACESisa ne w development
instrument.
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Figurel. Solar payload overview.

The Coarse Pointing Device is a mu Iti-purpose sy stem
that has the functiono fkeep ingthe  supported
instruments pointedto a target (e .g.:to th e Su n),
compensating for the orb ital motiono fthe ISS.
During eac h obs ervation or bit, the Coarse P ointing
Device keeps the instruments pointed to the Sun during
an observation pe riod o fabout 15 minutes per orbit.
The Coarse Pointing Device provides a movable frame,
which can rotate around two axes, thanks to a cardanic
type me chanism. The moti on is co ntrolled i n cl osed
loop, using a sun sensor located on the moving frame,
brushless motors and e ncoders mounted on each axis.
The control loops for the tw 0 axes are implemented in
theso ftw arerunn ing on theCo ntrol U nit.
The m aximum range of t he Coarse P ointing D evice
angular motion is +/- 25° around the axis compensating
for th ¢ se asonal variation of the ISS orbit inc lination,



and +/- 40° around the axis com pensating for the ISS
orbital motion.

The pointing ac curacy is + /- 1 de gree; t he pointing
stability is 0.3 deg over 10 seconds.

During launch and re-entry, the Coarse Pointing Device
mechanism is locked in both the degrees of freedom by
means of an electrically-actuated pin; the pin is retracted
only w hen th e pay load is on-orbit, i n i ts oper ational
location, s ucht hatt he pointing functioncan b e
operated. From a structural/mechanical point of view,
the Coarse Pointing Device is d esigned such that it can
take all launch and re-entry loads due to the acceleration
and vibro-acoustic environment typ ical of the Space
Shuttle, acting on its structures and payload.

The C oarse P ointing D evicei s de veloped intw o
versions, one for the SOLAR payload and one for the
EXPORT pa yload. Ea chve rsion has different
instruments accommodationan dm esscar rying
capabilities. For SO LAR the maximum mass carrying
capability is 75 kg.

A second Coarse Pointing Device exists as it was also
designed for the as  tronomical payload SPOrt (S ky
Polarisation Observatory) which was abandoned in 2005
in favour of s tudies o f't he cosm ic bac kground us ing
free-flyers,t his CPD could beuse dforea rth
observationsasitcanalso be targeted at ge olocated
coordinates.

S1ZIE0IRRTY

Figure 2. Solar installation EVA (NASA image).

2. OPERATIONS.

After successful launch of STS 122, S OLAR has bee n
installed on Columbus o n F ebruary 1 5th, 2008. F rom
them oment S OLAR ha sbe en poweredon,t he
Operation team had t o ensure 24/7 on ¢ onsole duty as
per ES A requirement. All activities were performed in
accordance wi th Col-CC (C olumbus Cont rol Centre)
Joint O perations I nterface P rocedures and w  ith
coordination w ith C 0l-OC (Columbus O perations

Coordinator). After a few weeks of operation, it became
clear that the operational con straints followed by Col-
CC and based on the operation of Columbus as a system
were limiting the S OLAR oper ationsi n ensuring
sustainable support to th is scientific mission — p lanned
at that time for 1.5 year and now extended by 3 years. In
view of real-timei ssues, some adjustmentst o the
operational concepts were made in concert with the Col
FCT (Columbus Flight Control Team), ESA and the PIs
(principal inv estigator) t o en sure t he mo st e ffective
support for the mission.

The per formed ope rations satisfied th e requirement as
the sun  source w as observed atea chob servation
opportunity, the s ource n on-availabilities w ere more
important than was expected be fore lau nch. T hese
resulted from th e sun astronomical e phemeris but also
from no n no minal a ttitudes be fore t he solar pane Is
became fu lly op tional. Th ey re sulted a Iso fr om t he
securing o f e xternal payloads during d ockings, EV A’s
and ma noeuvres. After co mmissioning, the op erations
of the CPD and payload were mainly nominal. Two of
the in struments: SOLSPEC an d SOLAC ES p erformed
assc heduled after,un fortunately, theS OVIM
instrument had to be switched off after about one year
of op eration duetoa power ¢ onditioning problem
internal to th ei nstrument. C rew i ntervention w as
limitedt oS OLAR i nstallationan da ver y few
troubleshooting a ctions in the ¢ ommissioning p hase,
crew action can h owever al ways be re quested i n the
case the normal re mote ¢ ommanding chan nels ar e
disabled. The cr ew ha s the a dvantage of hav ing fu 1l
command ca pability an d uninterrupted mo nitoring. In
earth observations, target monitoring by the crew would
be an asset in cases where exceptional events have to be
recorded.

3. CURRENT STATUS AND AVAILABILITY.

The ava ilability of a su n o bserving miss ion is first
limited by the sun visibility window. This is related to
the ISS beta a ngle w hich rel ates the p osition with the
ISS orbital plane and w hich varies s lowly over time.
These requ irements 1 ead to p eriods wh ere n o sol ar
observations can be pe rformed, inthe case ofth is
payload, the r equirements of the P I’s are satisfied as

they se arch fo r lo ng term tr ends and do not r equire
continuous re cording. The situation would be different
if space weather obj ectives were the ma in drive of the
solar o bservations, th en not only th e restrictions on

angles imposed by the platform would have to be eased
but also the orbit would have to be mo dified to have a
permanent su n v isibility. The ISS has unfortunately a
fixed orbital plane and an altitude range limited by its
stability and access between 350 km and 500 km, these
constrains cannot be relaxed.
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Figure 3. This figure shows the times of nom inal solar
availability durin g t he fi rst se mester of 20 10. Th ese
curves h ave al so di rect significance fo r a tmospheric
observations using solar occultations.

Moreover, the IS S in its construction period, which is
far from  over, generates  itselfi nterruptions, in
particular, when su pply spacecrafts ast he sh uttles,
PROGRESS, SOY UZ or ATV’sarriv eat thelS S,
payloads have to be put in standby modes due to the use
of th rusters an d t he rel ease of gases wh ich co uld be
dangerous to the optics, the sameis true for EV A’s
especially if these involve manipulation of the external
circuits of c oolants. In the first years o f operation, it
happened also that the station attitude was non nominal
as electrical p roblems im plying the so lar panels w ere
constraining th e orientation. Int he b eginning of t he
mission, the ¢ ommissioning proved to be slow er t han
expected as by definition, a real integrated test can only
be pe rformed in flight desp ite all the pre- flight tes ts
organised by t he space agencies andthe THALES-
ALENIA prime contractor of the platform.

Solar a ctivity has been mi nimal f rom 2008 u ntil t he
middle of 2010 and was not a cause of unavailability but
the ISS crosses the South Atlantic anomaly (Fig. 4) and
for sen sitive electro-optical devices th is could als o
become a restriction.

The result of this is that it is difficult now to establish a
complete balance of availability; it is certainly in ferior
to the mor e the 95 % ava ilability ach ieved by the
SCIAMACHY p ayload on ENVISAT. The scientific
objectives of SOLAR have been achieved by ada pting
the operations to the circumstances. The methods used
have an importance for fu ture e arth observations, t he
ISS due to the availability of operation centres and even
crew has a ver y superior capability on more automatic
satellites by allowing scientific replanning if necessary.
Rigid p lanning and strict se quences in procedures d o not
provide the necessary freedom and flexibility to react on
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Figure 4. T he South Atlantic anomaly (ROSAT image),
the South Atlantic anomaly is a supplemental reason of
non availability for sensitive instruments, in this plot, it
clearly covers t he Ama zonia re gion which has sp ecial
significance for v arious e  arth obse  rvations
programmes.

scientific results and adapt upcoming activities in view of
current results. Planning for such activity should therefore
be as flexible as possible whilst still ad hering to agreed
operational concepts.

In the specific case of SOLAR, the SOLACES in strument
is using Command Schedules (CS). A Command Schedule
is a ded icated pre-programmed time-ordered sequence of
time t agged co mmands to bes entt o the SOLAR
instruments or the CPD system. The Command Schedules
length is d efined by the scien tist. Some last for 5 orbits
then stop, others last longer than 30 orbits. The scientists
have t he option to r epeatt he CS automati cally u ntil a
command to stop them is sent by ground. Until the CS or
sequence of CS to be executed is known, it is not possible
to exactly predict when one will stop and commanding will
be needed to restart the next one. It is impossible to know
two weeks i n advance when ¢ ommanding will be needed
either because the sequence of CS is not known or because
scientists h ave specific requests b ased on latest r esults.
Earth observations as the targets have constant variations
should request even greater flexibility.

4. EARTH OBSERVATIONS FROM THE ISS

The orbit of the ISS is inclined at 51.63° and miss es the
high latitudes; its altitude varies between 350 and 450 km
according to operational needs. It is permanently manned
and since201 0, itsop ticalw indowsh ave been
supplemented by the cupola, a set o f optical windows for
both observation and operation purposes. The ISS has also
anumber of ex ternal lo cations which can accommodate
instruments as the present CPD installed on COLUMBUS
and supporting SOLAR.



The or bital situation is perfect for an e xtensive study of
land and atmosphere in th e lo wer lati tudes and h as an

exceptionally good cover of Afri ca. Op erations sh ould
relateto s pecific problems as biomass burningan d
hydrography.
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Fig. 4: an example of Central African observation from
the ISS : IS S photograph, May 16, 2002, centred n ear
8.6 degrees south latitude, 27.4 degrees east longitude.
This image shows a simultaneous start of several fires
int he dry seasonin K atanga for tr ash an d burn
agriculture. This image was not planned and was taken
in an astronaut initiative (NASA document).

Fig. 5: NASA- UCSD Ea rth-Kam im age of SUMATRA
(439393 Time Taken (GMT) 2009/293/04:55:02). Th is
image was req uested by a Japanese school and can be
related to observation of coastal changes after the 2004

Tsunami. The Earth-Kam is an imager used on the ISS
for educational purposes.

Fig. 6: One of the first images obtained through the ISS
cupola, an ancient hydrographic network in the Sahara
appears on th e image..(image take n by a ha nd-held
camera) (NASA document).

5. CONCLUSIONS

The In ternational S pace S tation ha s be en until now

largely unused for earth obs ervation, its s uccesses i n
other scie nces a s microgravity and life sciences are a
good argument to consider its use for earth and space
sciences in the frame of its recently decided extended to
2020 and later mission.
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