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ABSTRACT

PICASSO is a joint project led by the Belgian Ingg for Space Aeronomy (BISA) in
collaboration with the Royal Observatory of BelgiyROB). It aims at building and operating a
scientific triple-unit CubeSat. With a payload camepd of three scientific instruments, it will
contribute to the determination of the ozone disition in the stratosphere, the temperature profile
up to the mesosphere, the electron density inadhesphere and the Earth Radiative Budget (ERB).
PICASSO is foreseen to take place aboard the QB&tupsor flight.

| INTRODUCTION

With the emergence of industrial providers offeringth components off-the-shelf and services
related to the design, the assembly, the launchtemdperation of CubeSats (and, more generally,
of nano- and pico-satellites), scientists have nbe possibility to design and to carry out
spaceborne experiments in a time frame and attanaosh smaller than those offered by traditional
satellite platforms.

Anticipating the fact that sensor miniaturisatiorddiny satellites will play an ever-increasingerol
in remote sensing and in situ measurements of tthesphere of the Earth and of other celestial
bodies, PICASSO has three strategic objectives:

1. To perform true science within a scope compatibin whe technological constraints and
current limitations of CubeSat technology;

2. To anticipate the future of remote sensing anditun measurements, for Earth and other
planets, through miniaturization;

3. To demonstrate that tiny satellites can achieverg kigh ratio of “science data versus cost”.

PICASSO'’s schedule is compatible with the QB50 prear flight [1], which is currently planned
in the late 2013. This flight aims at a polar oddits00 km, thus enabling a mission with a nominal
lifetime of about two years. In addition, with arclination of 79°, the coverage of the atmosphere
will be almost complete.

The paper is organised as follows. Section Il giaresoverview of the mission and provides early
elements of the spacecraft (S/C) design. Its paylostruments are presented in sections Il to V.
We conclude in section VI.
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I MISSION OVERVIEW

As seen above, PICASSO'’s goals are to build andperate a triple-unit CubeSat in order to
demonstrate that such small and low-cost sateliresvaluable for the atmospheric and space
sciences. To widen the relevance of the demonstraRICASSO will embark three independent
scientific experiments:

1. VISION, a visible and near-infrared hyper-speckabry-Perot imager (see §llI),
2. mNLP, a multi-needle Langmuir probe (see §1V), and
3. uBOS, a micro-bolometer oscillation system (see 8V).

The development and operation of the first two rimsents and of the S/C bus are BISA’s
responsibilities; the third instrument is managgdi®OB.

BISA and ROB are scientific institutes, not teclogital ones. And even if both display a sound
experience in the development of satellite expamisieit is also their first CubeSat project.
Therefore, seen the extremely short time availabl@repare the mission, BISA has opted for
commercial components off-the-shelf (COTS) whernilalke for VISION, mNLP and the S/C bus.

In practice, BISA will delegate the realisation WISION and mNLP to two technical partners.
Currently, contacts have been established with Tteehnical Centre of Finland (VTT) for a
preliminary design study of VISION. VTT is indeegbegialised in miniaturised Fabry-Perot
spectral camera systems and is currently working aimilar instrument for the Aalto-1 CubeSat
mission.

Concerning mNLP, BISA is collaborating with Prof.oeh’s team of Oslo University (UiO) who
has built a multi-needle Langmuir probe to fly attbaounding rockets. That team has also been
entrusted with the development of a similar mNLBtimment for one of the common QB50
payload sets. Flying the mNLP aboard PICASSO pothe main QB50 flight is thus both an
opportunity for BISA and UiO.

On its side, ROB will fully develop theBOS instrument in-house, capitalising on the e
gained with the BOS experiment aboard PICARD.

For the sake of efficiency and risk reduction, Bl&Ad ROB decided to entrust a CubeSat
Industrial Partner (CSIP) with the development dredtests of the PICASSO platform from readily
available commercial-of-the-shelf (COTS) componeftsat partner will also be in charge of
integrating the instruments and preparing the mmssDptionally, it could be asked to operate the
mission too.

1.1 Structure

First technical investigations have shown thatdékperiment requirements are in the range of the
capabilities offered by CubeSat technology avadabtay.

For the sake of illustration, Figure 1 displays @ossible configuration for PICASSO. It is a triple
unit equipped with four deployable solar panelsagisvfacing the Sun. Extra body-mounted panels
ensure the powering of the S/C in case of off-n@inorientation. The payload is located in the
cube facing the Sun.

VISION’s aperture and the solar-pointipOS sensor are clearly visible on the Sun-illunedat
face. A Langmuir probe is found at the extremityeaich solar panel (they are barely visible on
Figure 1; see the solar panel magnification in Fag2 for a clearer view). There is alsquBOS
sensor on each other face, but these are noteifsdoh the chosen perspective.
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I1.2 Attitude Determination and Control Subsystem (ADCS)

The major constraint for the ADCS comes from th&MIN experiment as the Sun must stay in the
imager field of view (FoV) during the whole duratiof a spatial sunrise or sunset, i.e. about 2
minutes. With a nominal FoV of 2.5°x2.5° and a salagular width of 0.5°, the pointing error must
be less than 1°. In addition, a precise knowledgheattitude (a few tenths of a degree) is rexlir
to determine the apparent heightening of the Sentdatmospheric diffraction.

Figure 1: PICASSO early design

In addition, the instrument must stay out of dirsghlight when not taking snapshots in order to

avoid an early ageing of the optical elements. Thechieved by rotating the S/C by a few degrees
(5 to 10°) after sunrise in one direction and befaunset in the other direction. These requirements
can be reached with an ADCS that includes dynanmeatial wheels and accurate Sun sensors.

I1.3 Electrical Power Subsystem (EPS)

The electrical power is provided by solar cells med on deployable panels. Figure 1 shows four
panels 2U-long being deployed at one extremityhef $/C. The determination of the number of
solar panels and the sizing of the battery willpgaet of the mission design subcontracted to the
CSIP.

Figure 2 shows one m-NLP probe at the free enddreel. Positioning the probes there removes
the need for a dedicated deployment system fopitblees.

Figure 2: mNLP probe mounted at the extremity sbkr panel
[1.4 Onboard Computer (OBC), Onboard Data Handling (OBDH)

The OBC controls all the functions of the S/C bod sssues commands to the payload. The CSIP
will be in charge of developing the mission spec#bftware. On the side of the experiments,
mNLP anduBOS come with native data processing capabilit,ebexided.

The processing of the VISION spectral snapshots$ vél left to a generic data handling unit.
Depending on the imager resolution, VISION will gesite between 64 and 256 GB of raw data on
a daily basis. Fortunately, as the Sun image takésa 25" of the FoV, that amount of data can
easily and quickly be reduced to less than 10 GRya But this amount of data is still too large to
be downlinked, so the snapshots will be processdmbard and their content will be reduced to
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meaningful numbers only. At the end of the proc#ss,daily production of data is estimated to be
300 kB (if no pictures are transmitted).

1.5 Telemetry, Tracking and Command (TT&C) subsystem

The TT&C subsystem will be composed of a UHF (UgiHF (downlink) transceiver and of an
S-Band downlink unit. VHF alone allows for downling 2 MB/day/ground station. An S-Band
allows for a band rate at least ten times higheGS may also be part of the system for a precise
geolocation of the S/C.

1.6 Mass, Power and Communication Budgets

First estimations indicate that the S/C would weaglout 3.5 kg, i.e. below the upper bound of 4 kg
allowed for a triple CubeSat [2].

Concerning the power, estimations based on COTS$onents or on similar systems show that the
payload will consume between 1.5 W and 2 W on @esmver an orbit if all experiments are active.
Estimating the power needed by the platform to bg,3! deployable solar panels with 4 to 5 cells
each should be enough to power the S/C. The battidrpe sized to ensure that the S/C remains
powered when in the Earth’s shadow. The attitudmado explained in 8lIl.2 is compatible with
solar panels facing the Sun most of the time, wincheases the average available power.

About the communication data rate, it is estimaled

* VISION will produce about 300 kB/day. Transmittiagpicture of the Sun adds another 400
kB. A full image of the field of view will take 8 Bl (uncompressed).

* The mNLP probes can sample the electron density df® kHz. This leads to 6.5 GB/day
(for 2-byte digits). As this is much more than ttewvnlink capability of a CubeSat even in
the presence of an aggressive data compressiomsgliee measurement periods and the
sampling rate will be carefully modulated to lirtlie data rate to less than 8 MB. Note that
an S-Band solution is necessary to cope with threntiok requirements of mNLP.

* Due to its moderate sampling period of 1IBOS needs are estimated to 150 kB/day.

I VISION

The Visible Spectral Imager for Occultation and Niglagl (VISION) instrument is a tuneable
spectral imager based on a Fabry-Perot in the lgisihd near-infrared wavelength. Its spectral
range goes from 400 nm to 800 nm, and its speasallution is 10 nm. The FoV per pixel is two
thousandths of one degree, in round figures.

With its features, VISION will give access to

1. The monitoring of the concentration of stratospherone in the Polar Regions via vertical
profiles retrieval by spectral absorption in thea@puis band (the absorption band due to O3
around 600 nm) during solar occultation;

2. Profiles of the upper atmosphere temperature odxdiaby assessing the refraction angle of
the sunlight through the atmosphere;

3. The observation of the airglow emissions and ofatheoras at 558 nm and 630 nm (atomic
oxygen green and red lines, respectively);

4. The observation of the bi-modal oscillation of thesospheric sodium density through the
Na doublet emission at 589 nm [3] (Figure 3).
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A short description of the experiments relativéh® first two objectives is given below.
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Figure 3: Fit of the Sodium vertical concentratfoom raw GAMOS Na columns [3]
[11.1 Solar Occultation and Spectral Measurements

Figure 4 illustrates the general principles of aaswement by solar occultation. The Earth’s
atmosphere is represented by the light blue aneagitbit of the S/C by the black circle and the Sun
by the yellow symbol. The tangent altitudg iB defined as the shortest distance between thefra
light under consideration and the Earth’s surface.

Figure 4: Solar occultation principle

The scenario corresponding to a sunset startstigtis/C at location A and orbiting clockwise. The
imager points towards the Sun. The light beam paabeve the Earth top of atmosphere (ToA)
along a free-atmosphere path. At this stage thehBarnot visible on the imager. The exo-
atmospheric Sun radiance is then measured at pmedeiavelengths before reaching B, at which
the light beam starts interacting with the ToA.

As the S/C pursues its path around the Earth, threr&diance gets attenuated by the atmosphere
and is measured repetitively at multiple locaticass for instance location C. To reach the imager,
the sunlight goes through an increasingly thickaspinere: on the one hand, the total length of the
path in the atmosphere increases; on the other tengmaller the tangent altitude, the higher the
atmospheric density. Finally, the S/C reaches ioodd where it enters the Earth refracted shadow.
Somewhere in between A and D, the Earth appeamseaside of the imager. It moves towards the
opposite side until it fills the entire image.

Obviously, the case of an orbital sunrise is similae event sequence being simply reversed as the
S/C rotates counter-clockwise from location D to A.

In the atmosphere the beam is refracted and itdtvdards the Earth. From the imager perspective,
refraction leads to two phenomena. Firstly the Swapparent position is displaced away from the
Earth, as if the Earth was repelling it. This dis@ment is maximal at location D just before the
Sun disappears behind the Earth body. Secondlijjussated in Figure 5, the apparent shape of the
solar disk shrinks along the vertical dimensionlaree to the Earth image). This deformation
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comes from the fact that rays emanating from th#obo of the Sun propagate into denser
atmospheric layers than those emanating from theByg solving the inverse ray-tracing problem
of the photon propagation in the atmosphere, mésvgpand stratospheric temperature profiles
can be retrieved.

[ =] =

Figure 5: Example of sun image flattening due toagpheric diffraction

Spectacular results have recently been obtaindtldsOFIE instrument aboard AIM by detecting
the Sun edges and the related refraction angleHédie we expect to improve the method by
making use of the full solar disk.

The solar brightness (i.e. the solar irradiancepls attenuated by scattering, absorption and
diffusion processes along the optical path in ttreogphere. Profiles of physical properties and
chemical components in the atmosphere can theatbeved by spectral analysis of the attenuation.
This attenuation is illustrated in Figure 6 foreavftangent heights [5]. The photon depletion around
600 nm corresponds to photon absorption by ozortearnso-called Chappuis band. Resolving it
gives access to the ozone profile.
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Figure 6: Spectral photon depletion for tangengihisi ranging from 5 km to 50 km
(from bottom to top curves). Spectral averagingr&@/em.

[11.2 Main technical features
Draft estimations made by VTT lead to the followfegtures:

Attitude The attitude determination and control are vertyicai for VISION. Maintaining
the attitude to within 1° is required for an imageV of 2.5°. The estimate of the
tangent height also requires a very precise a#itddtermination. Fortunately,
these requirements are within the possibilitiesrefl by the CubeSat technology.

Mass <7009
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Power <4 W in average during an occultation; orbit agexdhpower: 250 mW
Size 90x90x40 mn; aperture diameter: 15 mm

Data Data will be processed onboard with a dedicated getcessing unit. About 300
kB data will be produced daily. Another 400 kB éhB are needed to transmit
a snapshot of the Sun and of the whole FoV, resabygt

IV mNLP

At 500 km altitude, PICASSO is flying through thpper layers of the ionosphere with an orbital
period of 94 minutes. Given its high inclinationCAISSO will sample the ionosphere at this
altitude rather globally. It is therefore obvious tise PICASSO as a platform for a global
monitoring of the ionosphere. To that etide multi-Needle Langmuir Pro@NLP) is an ideal
instrument as it can measure the amount of iorizeticles.

mNLP will offer a continuous, in-situ, and high-guency (when needed) monitoring of the upper
ionosphere with a rather global geographic coverdgeparticular, mNLP will address the
following topics:

1. lonosphere-plasmasphere coupling;

Subauroral ionosphere and corresponding magnetosféatures;
Aurora structure (thanks to the high frequency bdjya of mNLP);
Study of polar cap arcs;

a bk~ DN

lonospheric dynamics via coordinated observatioitls BISCAT’s heating radar [6];
6. Turbulence in the partially ionized ionosphere;

Coordinated observations with EISCAT Radar are fdseseen. They will validate mNLP data and
will provide the overall ionospheric context inttileh the mNLP data have to be interpreted.

IV.1 Overview of the measurement principle

The multi-needle Langmuir probe instrument is agraded version of the traditional Langmuir
probe. It is designed specifically for electron signmeasurement at high space and time resolution.
It is based on four fixed-bias cylindrical needtelpes set to four different positive potential bms
well above the S/C potential (i.e. in the electsaturation region), see Figure 7 and Figure 8.

Probe diameter: 0.51 mm i

~—— Dielectric insulator
1=1mm

Braid

15 mm

M

=

=— Insulation S

(a) Technical probe drawing (b) Manufactured
probe

Figure 7: Cylindrical Langmuir probe needle [7]
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Figure 8: Langmuir probe characteristics: (a) lmerad (b) logarithmic current axis

The needles are placed at the extremity of shasiriso By sampling simultaneously the electric
current flowing from each probe, the plasma electdensity can be derived with high time

resolution without the need to know the electramgerature or the spacecraft potential from the
ratio AI2/AV.

Figure 9 shows how that ratio is measured from2avf graph. The electron density is proportional
to the square of the slope of the straight lineedrktically, only two probes are enough to derive
the electron density, but in order to check tha¢ast two probes are not in the wake of the SKC an
to improve the reliability, mNLP will have four goes. A similar instrument has already been
operated successfully on sounding rockets (ICI2EBEGOMA 7, 8 and 9) in 2008 and 2010.
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Figure 9: Determination of the ratid?/AV with two probes at different potential
IV.2 Main technical features
According UiO, the main features of mNLP are afofes:

Attitude The attitude determination and control are notaaitfor mNLP. An accuracy of
about 5° is sufficient.

Mass 100 g
Power 500 to 1000 mW (peak)
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Size The four probes have to be located away from thaylio stay out of the S/C
wake as much as possible. Placing them at the reityreof the 2U-long
deployable solar panels, at the top of a ~50 mmg-llmwom, meets that
requirement.

PCB board size: 75*80*15 miinprobe length: 25 mm; probe diameter: 0.5 mm

Data Data will be processed onboard with an FPGA indluihethe electronics board
of the instrument. About 6 MB of data will be pragal daily.

V pBOS

In order to better understand the delicate balamtiee Earth’s climate and its variations caused by
both anthropogenic and natural causes, outgoingrenaaning radiative fluxes need to be observed
precisely over various time periods spanning fraassnal to inter-annual. Timéicro Bolometric
Oscillation System(uBOS) experiment will monitor variations in théost wave (visible and
reflected solar radiation) and long wave (infragedl emitted by the Earth) radiations outgoing
from the Earth ToA as well as the variations in theoming short wave Total Solar Irradiance
(TSI).

The solar and infrared spectra are well separdiedeaand below fm, the overlap between them
being very small. This distinction makes it possiti treat the two types of radiative transfer and
source functions separately and thereby simplié&yabmplexity of the radiative transfer problem.

As a consequence, uBOS will host two sets of deteciThe first one, an improved and adapted
sensors inherited from the ongoing BOS/PICARD artRA/PROBAZ2 missions, measures the
variation of solar irradiance in the visible, extre ultraviolet (EUV) and soft X-ray (SXR)
bandwidths. The other one measures the variatidimeobutgoing radiation of the Earth.

The proposed pBOS experiment will complement engstarth/Sun observation missions with a
unique ability to simultaneously measure irradiamadations of the Sun and the Earth from the
same platform with high precision. The monitoringtemporal variations on the outgoing and
incoming radiative fluxes of the Earth will allow guantify the lags between the different fluxes
over land and oceans. The measurements will alsgid® information on the Earth energy
imbalance, which was shown to be extremely challenépr remote sensing from an orbit around
the Earth. uBOS will provide a unique test in temhsechnology and mission concept for future
space-borne observations targeting the Earth dsaséhe other planets of the solar system.

MBOS is supporting four main objectives:

1. Measurement of the solar irradiance, for this gitxamé essential to understand the Earth
climate and give access to solar flares, solanstpi SI and p-mode oscillations. In addition,
there might be an instrumental gap from 2014 thaild/be detrimental to long term study
of the TSI.

2. Measurement of the Earth’s outgoing radiation gtitated in Figure 10), with a focus on the
temporal and spatial variability, variations in tharth albedo (coverage change), the effects
of natural hazards and cloud coverage estimation.

3. Measurement of the Earth energy imbalance whiclo a@s of prime importance to
understand the climate evolution.

4. Preparation and validation for future planetarysiuiss (i.e. Marco-Polo).
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V.1 Measurement principle

The measurement principle of the uBOS is similarthe BOS aboard PICARD even if the
configuration of the sensors is optimized to accadate the dimension of CubeSats. In addition,
the sensor and the electronics will be improvedoider to measure precisely the irradiance
variation of the Sun and Earth origins.

[ ———e— : : : . e W/m*2

-80 -60 -40 -20 40 60

0 20 80
Figure 10: Long wave irradiation of the Earth frdm 2010 to Jul 2011
derived from the BOS measurements on PICARD (ré&fBR

The thermal sensors are based on two absorbingemads shown in Figure 11 for the BOS, the
round black-painted absorber ims surrounded by a white-painted circular plate)( Both
receive irradiance flux and re-emit heat flux backthe space. As the mass of m2 is 200 times
greater than m m, presents a higher thermal inertia than. Mwo thermistors measure the
temperatures of the absorbing surfaces in orddetermine the energy budget. The first ong {§
placed below mand the second {Yis set at the bottom of a metallic bar, whichthsermally
connected with m In order to minimize the heat leakage, the bdirbwi isolated from mby a five-
layer thermal blanket including a bridal veil, i measured with a thermistor set at the top ef th
sensor. Instead of recording directly at the end of aluminium shunt, we will asere (T= T1-T>).

]

Electronics
dissibation

e

Figure 11: BOS principle and configuration

The advantage of such design is that we can inerdees gain of the amplifier by three times
compared to measuring; Talone. It essentially increases the signal-toeomtio of heat flux
measurements. The physical values pfaid T, are obtained through calibration functions using
the reading of Tand ..
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When photons from either the Sun or from the Earpinge the front absorbing surfaces, amd
m, heat up. Given their mass ratio; temperature rises faster than tamperature and a thermal
flux flows from my along the shunt to mAt the top of the instrument, the heat conduttivs
negligible between mand m, except at the bottom of the shunt. Consequeiftly,and T are
different, and T, measures the rapid power input change whil@rovides the slow power input
change, respectively.

V.2 Instrument

As mentioned above, uBOS contain two different rtiedrdetectors to observe the Sun and the
Earth:

1. One thermal sensor of 2 cm-diameter is placed affrimt of the satellite to measure the
variation of the solar irradiance.

2. Radiation from the Earth is monitored by 4 thersehsors (4 cm-diameter) found on each
lateral side of the S/C (Figure 12). When dirediedpace, these sensors are also used for
calibration.

The two types of thermal detectors are coated &péme black absorbing surface.

In order to increase the precision of the flux nueasents, a thin shunt (radius of 0.3 mm) is
connected to the black absorbing surface with a$iek. Two thermistors are set up to measure the
temperature under the absorber and at the end eofshunt. With such configuration, the
contamination of common modes from the satellitd aan-linearity of thermistors is effectively

reduced.
D

Figure 12: Earth sensors concept (the blue thiesliare the S/C walls)

There will be 2 additional optical channels to ntonithe Sun in EUV and SXR. They will be
placed next to Sun thermal sensor. A VIS-IR sef@@-5 um) is also set on each lateral side near
the uBOS sensors.

V.3 Main technical features
First estimations made by ROB leads to the follgrguantities:
Attitude The axe of the S/C front face must be aligned enSthin within a 5° tolerance.
Mass 200 g
Power 500mW (peak), 100 mW average, 25 mW (sleeping)

Size Sun (resp. Earth) sensors radius is 1 (resp. 2)tleitkness is 5 cm. No PCB
card is needed as the electronics is put in tleevfioedume of the sensors.

Data Data will be processed by the embedded electramaponents. The daily data
production rate is 150 kB.
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An engineering model of the instrument includingchrenical parts, electronics and thermal sensors
has already been realized by ROB (Figure 13). Téréopmances of this prototype in laboratory
conditions will now be assessed.

Figure 13: uBOS engineering model

VI CONCLUSION

In this paper, we have presented the PICASSO nnissiorently in preparation at BISA and ROB
for a launch on the QB50 precursor flight.

While most existing CubeSats are either educatiartafacts or technology enablers, PICASSO is a
scientific demonstrator driven by specific scidntibbjectives. Thanks to its compound payload
made up of three independent instruments dedidatéioe remote and in situ study of the Earth’s
atmosphere and incoming/outgoing radiation fluxesyill contribute to specific areas in a fairly
broad scientific research domain.

With a short mission preparation time and a reédgivsmall cost, PICASSO will demonstrate that
solutions based on tiny satellites are compatibtk scientific experiments that would be very hard,
if not impossible, to carry out in the frame of amatraditional approach.

It is indeed our belief that Cube-, pico- and naats have a genuine role to play in the observation
of the Earth and, more generally, of the planetthefsolar system, along with larger and (much)
more expensive systems.
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