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1-INTRODUCTION .

Many IR instrument have been flown in the past to Mars :First space IR spectra of Mars
where obtained by the IRS instrument on Mariner 6 and 7 fly-by spacecraft in 1969 . Their
spectral range was 1.9-6.0 ?m and resolving power ?/?? about 70. IRS was a spectral device
with a circular wedge interferencefilter. Bands of gaseous CO, were visible only near limb,
whilein cloudsalso solid CO, wasidentified (Herr and Pimental,1970). Therewasalso along
wavelength channel in IRS (7-14 ?m), but results were not published. The next step was IRIS
on Mariner-9 Orbiter ( Hanel et al.,1972). It was a Fourier Spectrometer for the range 6-50
?m. It worked successfully more than one year, collecting twenty thousands spectra. These
spectra wer e used for the thermal sounding of the atmosphere in 15 ?m, observations showed
also H20 lines and SiO; 9 ?m features. Spectral measurements on Viking orbiter were
targeted on measurements of 1.38 ?m water band . It was made by means of the MAWD
instrument, a grating spectrometer with a few measurements near the center of this band
(Farmer et. al., 1977). There was no missionsto Mars between of years 1976 and 1989 . Then
ISM  mapping spectrometer on Phobos-2 spacecraft provided about 40000 spectra of the
planet in its near equatorial region. ISM worked at the range 0.8 -3.3 ?m , had resolving
power ?/?? about 50-100 and spatial resolution 5-20 km (Bibring et al.1989).

As summarised above several successful missions had IR spectral observations on Mars
orbiters, some of them covered Near IR , some thermal IR , but never both. PFS will cover
for the first time a wide spectral range including solar reflected and planetary thermal
radiation simultaneously (Formisano et al,1996). Also the NASA Mars Global Surveyor
Orbiter , which has started recently the first observations, has some IR  spectral
measurements. There is indeed , an IR Fourier-spectrometer in its payload (TES) but this
instrument measures only in the thermal IR range like IRIS (Christensen et al. 1992.) , and
has a spectral resolution much worsethan PFS.

As one can see from Table 1, only PFS has a short wavelength ("SW") channel.
Moreover, PFS gets spectra in SW- and LW-channel simultaneously and fields of view of
these channels are co-axial. This allows to use data of one channel for data reduction of the
other one and leads to a new quality of observations. Comparison of PFS's long-wavelength
channel with IRIS and TES shows that PFS has better spectral resolution and
pointing possibilities; the spatial resolution falls between TESsand IRIS.

The main scientific instrument of the Mars Surveyor 98 Orbiter by NASA will be PMIRR
(Pressure modulated infrared radiometer) . It will measure thermal radiation of the
atmosphere above the limb in CO, , H,O bands and aer osols continuum. It will give vertical
profiles of temperature, pressure, water vapour and aerosols. PMIRR will be very effectivein
the measurement of the vertical profile, but only near the limb. PFS on Mars Express will
measur e temperature profiles everywhere and also horizontal distribution of water vapour
and aerosols. Also PFS will make limb measur ements, but having in mind minor constituents
and not the vertical profile. For detailed information, an excellent review of spaceborn FTIR
spectrometersfor remote sensing is given by Persky, 1995.

On board Mars Expressthereis theimaging spectrometer OMEGA, which also was built
for the Mars94/96 mission. It hasthree spectral channels:

IR-1(2.7-5.2?2m), IR-2 (1.05-2.7 2m ), VNIR (0.35-1.05 ?2m).
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The spectral range covered by IR-1 and IR-2 almost coincides with PFS SWC.
Comparison of their spectral and spatial resolution ispresented below in the Table 2.
So, PFS-SWC hasbetter spectral, but worse spatial resolution, than IR part of OMEGA. As
one of the main scientific goals of OMEGA is mapping of the Martian surface composition,
the spectral features originating from atmospheric gases should be eliminated from
OMEGA spectra. This could be done with PFS data. The same applies for data reduction of
OMEGA VNIR channel.

In conclusion, as it is demonstrated in the scientific objectives of the proposal, PFS is unicin
the sense that will have 2 wavelength channels SW and LW , both devoted to the study of the
Martian atmosphere. The use of the 2 channels allow us to achieve results for the atmosphere
that cannot be achieved by experiments having only one channel. The spectral rangeiswider
and SW resolution is by far the best of any flown , or planned to be flown , experiment , and
the pointing capability allows usto look at limb , or at space or at calibration black bodies,
essential for the understanding of the measurements. A _Fourier _spectrometer in _the

range 1-5 ?m has never been flown before , and it isthereforea FIRST of PES.

Table 1. Main parameters of previous and planned FTIR spectrometers in planetary
missions. The acronyms and abbreviations mean: IRIS - Infrared Interferometric
Spectrometer, FS - Fourier Spectrometer, TES - Thermal Emission Spectrometer, PFS
- Planetary Fourier Spectrometer, CIRS - Composite Infrared Spectrometer, NESR -
noise equivalent spectral radiance, SWC - short wave channel, LWC - long wave
channel, SWIR, MIR, and FIR - short-wave- , mid-, and far-infrared, respectively.

I nstrument IRISM [IRISV FS1/4 TES CIRS PFS
Jupiter,
Planet Mars Saturn, Venus Mars Saturn, Mars
Uranus, Titan
Neptune
Mars
Spacecraft Mariner Voyager Venera Observer, Cassini Mars
9 1,2 15/16 Mars Express
Global
Surveyor
Date of launch 1971 1978 1983 1992, 1996 1997 2003
tral 5-50 4-55 6-40 6-50 716 L.25-5,
Spectral range  [um] 5 ] ] ] 16-1000 6-45
Spectral resolution[cm™] 2.5 4.3 5 5-10 05-20 2
Beamsplitter KCI, CaF,
Csl Csl Csl Csl polarisers Csl




PFSfor MarsExpress

MEX.CNR.IQAR.02

P.l. Vittorio Formisano

Pl o 15/November/2001 Page 7 CNR IFSI
PFS
MIR swc 2,
FOV (full angle) [deg] 4.5 0.25 4x4 05x05 0.015x0.01
5 LWC4
FIR 0.25
3.210%°, 410"
2 -1 -8 -8 -8 -8 1 1
NESR [W/(cm?sr cm™)] 5.10 10 2110 1510 210° 2.10°®
Time per interferogram 18 46 55 6 50-25 4
[sec]
Angle scanning,
degr ees of freedom No No No 1 1 1
On board FFT- No No Yes yes no Yes
processing
Total mass [kg] 15 18 30 14.4 32 334
Mean power 20 14 30 125 29 35
consumption [W]
Table?2
OMEGA- PFSSWC PFSLWC
Spectral resolving power,
Lambda/(DeltaLambda)  100-50 4000-1000 835-110
Pixel FOV,
[min of arc] 4 120 240
[mrad] 12 35 70
Pixelsin swath 128 1 1
Width of swath on the
surface (from pericenter) 44 11 22

[km]
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2—-INSTRUMENT HARDWARE DESCRIPTION
2.1- INTRODUCTION.

PFS is a double pendulum interferometer working in two wavelength ranges ( 1.2- 5,
and 5 45 ?m). Mars radiation is divided in 2 beams by a dichroic mirror, and then filtered ,
so that the two ranges also correspond to 2 planes one on top of the other , in which the two
interferometersare placed, so that the same motor can simultaneously movethe 2 pendulum,
and the two channels are sampled simultaneously and independently. The pendulum motionis
accurately controlled by means of a laser diode reference channel making use of the same
optics as for Martian radiation. The same laser diode also generates the sampling signal for
the A/D converter, measuring in this way displacements of the double pendulum mirror of
600/4 nm. The measurements obtained are double sided interferograms, so that FFT on
board can be computed without caring much about the zer o optical path difference location.

TABLE 3- DETAILED PFS PARAMETERS

SW LW
Spectral range, ?7m 12-50 5-50
cmt 2000 - 8000 230 - 2000
Spectral resolution, cm™ 2 2
(by triangular apodization)
FOW, deg 2 4
NEB, W cm-2 sr-1 510° 410°% (1)
M easur ement cycleduration, s 7.5 (10) 7.5(10)
Detector Type Photoconductor Pyroelectric
Material PbSe LiTaOs
Shape/size(mm) square,0.7x0.7 round 1.4
NEP, W/HZz" .5 1*10%2  (2) 4*10° (3)
Sensitivity, kV/W 0 (2 30 3
Temperature,K 220 (4 290
Interferometer Type Double pendulum
Reflecting elements Cubic corner reflectors
Beamsplitter CaF, Csl
Refl. elements motion, mm +/- 1.5 +-15 (5)
Max.optic. path differ., mm 5 5
Timefor motion, s 5 5
Timefor measurements, s 4.5 45
Refer ence source Laser diode
Ref. source’ wavelelength, nm 1216
Collector optics Parabolic mirror
Diameter, mm 49 38
Focal length, mm 20 20
Coating Gold
SW/LW separation KRS-5with amultilayer coating reflecting SW radiation
Opticstransmission 0.64 0.78 (6)
M odulation factor 0.87 0.98 (7)

Interferogram Two-sided
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PFS
Samplings number 16384 4096 (16384)
Sampling step,nm 608 2432
Dynamical range +-21°
Spectra (from on-board FFT)
Quantity of points 8192 2048
Dynamical range 6000 6000
Electronics
Modulation frequency range, Hz 423 - 1600 50 - 400
On-board FFT module computation time, s 3.35 0.83
Buffer memory volume, M bites 32
Full PFS mass, kg 31.2
Mass of blocks, kg
O (opticsand part of electron.) 19.9
E (main electronics) 35
P (dc/dc converter) 2.3
S (pointing/scanning system) 4.0
Harness 11
PFS power consumption, W
Inflight toMars 5
Peak during observations 45
On theorbit in " sleeping mode" 10
(1) Values are given for wavelengths 2.5 and 15 ?m. Results of measurements for
PFS07in SW.

(2) In peak of the spectral responsivity curve (near 4.8 ?m and for the modulation
frequency 1000 Hz.

(3) By themodulation frequency 200 Hz. NEB and sensitivity are given for the output
of the preamplifier.

(4) Radiative cooling.

(5) Linearized deviation from the position, corresponding to zero path difference.

(6) From measur ements of reflection and transmission of optical elements. Values are
given for wavelengths 2.5 and 15?m

(7) From estimates of tolerances . Values are given for wavelengths 2.5 and 15
microns.

2.2- INSTRUMENT ORGANISATION.

PFS is a Fourier spectrometer resulting from the effort of several groups from
different countries: Italy, Russia, Poland, Germany, France and Spain. The flight hardware
is produced in Italy ( main digital electronics controlling the experiment , and the
Interferometer block with its controlling electronics ), in Russia ( the breadboard of the
pointing device and its electronics, the two detectors) and in Poland ( the Power supply , the
flight unit of the Scanner and the GSE with the spacecraft smulator), while in Germany some
special flight parts or subassembly are produced. Groups in France and Spain helped in the
design of the experiment in the preliminary phase, and will be interested in the scientific Data
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Analysis , as well for the USA Co.l.s. Integration , qualification and calibration was done in CNR using, when appropriate , Alenia Spazio
facilities. Special calibration black bodies, produced by russian Co.l.s areused in a Thermovacuum Chamber in a Clean Room facility.
Fig.1 — PFSgeneral organisation

PFS for MARS EXPRESS hamness updated 11/99
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C101 Power to E module | temp housekeeping E module, commands to S module and P module
C102 Power to 3module | temp housekeeping of 3 module, Emergency Mirror Position
C103 Scanner commanding & housekeeping, Black Body temp mon. and lamp monitor.
C104 Power to O module & temp housekeeping

C105 O module commanding & data, calibration control and status
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2.3- TECHNICAL DESCRIPTION.

The flight hardware of the experiment is divided in four partswhich we call modules,
plus the connecting cables . The four parts are : the Interferometer , with its optics and
proximity electronics , which is the core of the experiment, and is called Module O. The
pointing device , which allows to receive radiation from Marsor from thein flight calibration

sources , which is called Module S. The Digital eectronics , including a 32 Mbit mass

memory, and a real time FFT , called M odule E. The Power Supply , Module P, with the
DC/DC converter , the redundancies, and the galvanic separated power for the 16 bits A/D
converters.

2.4- MobULE O

The Module O is the core of PFS. Module O, hereafter PFS-O, stands for Optical
Module and it includes inside the interferometer with its proximity electronics. PFSO is
divided into two blocks: IB (Interferometer Block) and EB (Electronics Block). The two
blocks are mechanically separated but electrically connected through six cables as interface.
Furthermore IB is a gas tight box filled with dry nitrogen in order to preserve the optical
parts that are hygroscopic. The IB is very compact and in practice it contains inside two
interferometers working at the same time covering the full range of PFS between 1.2?m and
45?m. The two ranges are named "SW" as Short Wavelength and "LW" as Long
Wavelength. The range of the SW channd is within (1.2:5)?m while the LW is within
(5:45)?m.

2.4.1-OPTICAL SCHEME OF PFS-O
a- Martian radiation.

The main optical design of the PFSis shown in Figure 1. The incident IR beam falls
onto the entrance filter that separates the radiation of SW channel from the LW channel and
directs each into the appropriate interferometer channel. The scanner in front of the
interferometer allows the FOV to be pointed along and laterally to the projection of the flight
path onto the Martian surface. It also directs the FOV at internal black body sources,
diffusers and to the open space for in-flight calibration. Each PFS channel is equipped with a
pair of retroreflectors attached by brackets to an axle angularly moved by a torque motor.
The axle and the drive mechanism are both used for both channels that are positioned on top
of each other. The optical path difference is generated by the angular movement of the
retroreflectors (Hirsch and Arnold 1993). The controller of the torque motor uses the outputs
of two reference channels, which are equipped with laser diodes . This interferometer design
isvery robust against slight misalignment in harsh environment compared with the classical
Michelson-type interferometer (Hirsch 1997). This favours the design for applications in
space.

The detectors are placed in the center of the parabolic mirrors " C1" and "C2". The
optical path is changed rotating the shaft of the double pendulum along its axis. In this way
the optical path will be 4 times greater than a single cube corner displacement since two
mirrors move at the same time. This is different for a Michelson interferometer where just
one mirror moves to cover the optical path. This configuration helps in having a more
compact instrument.
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Thedichroic mirror named "FM" acts as a fork which divides the two spectral ranges.
Indeed it is able to reflect all the wavelengths lower than 5 ?m and remaining more or less
transparent for higher wavelengths. The band stop for wavelengths lower than 1.2 ?m is
provided by the silicon window, named "W", having a cutoff at 1.24 ?m and placed in the
optical inlet of the SW channel.

detector beamsplitter rotating reflector
SWC SWC

parabolic
mirrors

detector
LWC

folding mirror

cut-off filter

entrance
aperture

beamsplitter retroreflactors

LWC

dichroic filter

peinting mirrors

Fig.2 .- Optical schemeof PFS.

The cube corners make it possible to use a double pendulum configuration in an easy
way without complex mechanics and at the same time they can lower the sensitivity of the
interferometer in terms of mirrors tilting. Furthermore the optical alignment of the
instrument becomes easier and faster.

The double pendulum axis rotates by means of a brushless motor ( two for
redundancy) that does not experience any kind of mechanical friction. Thus the shaft of the
double pendulum is sustained just by two preloaded ball bearings at very low friction. An
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additional mechanical friction instead is added for the purpose of a better stability of the
pendulum speed.

If we place the zero optical path difference in the center of the mirror displacement,
we can acquire double sided interferogram. A double sided interferogram has several
advantages, among which a relatively insensitivity to phase errors that otherwise should be
corrected. A bilateral operation is adopted in order to reduce the time cycle of each measure
but a separated calibration for each direction is recommended in order to maintain the
prefixed radiometric accuracy.

b- Thereferencechannd .

In the fig. 1 is not shown the optical part regarding the reference beam acting as
spectral reference. Indeed every interferometer owns a reference channel where a beam of
very well known wavelength interferesin order to produce a sine wave to be used as spectral
reference. In our case the source of such beam isa laser diode (InGaAsP at 1.2?m) and its
detector is an infrared photodiode having the maximum responsivity at about 1.2?m. The
beam of the reference channel is processed like the input signal so that the optical path of the
referenceisalmost exactly coincident with the optical path of the signal to be studied. In each
channel the reference beam is inserted parallel to the main optical axis , just after the
entrance window ,but it is travelling outside of the main beam .As each channel has its own
reference beam the different length of the double pendulum arms is fully allowed and
compensated. Because the beam splitter of the long wavelength channel "B2" is not
transparent at the wavelength of the corresponding laser diode used as reference, a special
small window was done during the manufacturing of it in order to keep negligible the
attenuation of the laser beams through the beam splitter itself. At the corner cubes the laser
beam moves from one sideto the other of the main beam, so that the part of the beam directed
backward toward the source is displaced with respect to the inward part. This part
terminatesinto an optical trap ( one per each channel ).

c— Thezero optical path difference signal (zopd) .

Being PFS an instrument taking double sided interferograms, it is not needed to know
with large precision the position of the pendulum for which there is a zero optical path
difference between the arms of the interferometers. However a rough information is still
needed because the motion of the pendulum it is digitally controlled so that it goes 8192 steps
on one side of the zopd, then the motion isreversed and it goes backward until it reachesthe
zopd and another 8192 are counted. The interferogram acquisition stops when 16 384 points
aretaken. The zopd signal is generated by using IR radiation from a TRW .... Device, which
, if athin mirror isplaced at the correct distance, will give a pulse when the mirror isin front
of the device, while no signal is obtained for any other position. The linear mirror, for PFS, is
placed on the edge of an arrow fixed to the shaft of the double pendulum. During assembly it
is adjusted so that its signal is within 100 pulses from the optical zopd, then is fixed. During
the double pendulum motion the arrows movesin front of the TRW detector , so that a pulse
isgenerated at the zopd position.
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2.4.2-M ECHANICAL DESCRIPTION OF PFS-O.

Module «O» contains the interferometer that is constituted by three main parts, the
optical bench the pendulum system and the gastight box.

2.4.2.1-THE OPTICAL BENCH .

The optical bench isa an Al7075 structure, obtained by machining and electro-erosion
from a single aluminum alloy billet. All the optical elements of the interferometer are directly
mounted or have a reference to the optical bench. The beam splitters are flange mounted on
the reference plane of the optical bench while the supports of the axle on which the cubic
corners are mounted are machined with a strict tolerance of planarity with the reference
plane. The sensors are mounted on a surface of the optical bench with a 2 DOF regulation
system that allowsto align the detector group axeswith the instrument one.

2.4.2.2-THE PENDULUM SYSTEM

Pendulum shaft is mounted on two angular contact ball bearings, axially pre-loaded
with an elastic system allowing the differential thermal expansion without inducing sensible
stress. The movement of the axleis a rotation of about ? 1.5° for the useful part and isup to
2.5° considering the extra-travels. The rotation is made by an electrical brushless torque
motor that, for safety, is totally redundant. For the stability of the control loop a friction
torque is applied to the axle. A locking device keep the pendulum in a position outside the
useful travel during the launch phase and in case of orbit correction/maneuvering. The
locking/unlocking procedures takes aout 10 minutes, the actuator being a paraffin one, the
movement is therefore slow and no vibration or relevant electromagnetic fields are induced.
Provided that the pendulum mass is mainly due to the cubic corner mirrorsits center is far
from the rotation axes. In order to reduce the sensitivity of the instrument to acceleration
transversal to the axle a balancing mass has been added. On Mars 96 for mass saving only
50% of the static momentum has been compensated. The balancing mass is kinetically
mounted on the pendulum axle to avoid thermal stresses to be induced because of the
different CTE of the materials. Regulation devices are mounted in place of the balancing mass
during the alignment of theinterferometer and afterwards removed.

2.4.2.3-THE GAS-TIGHT BOX.

The optical bench isincluded in a gas-tight box that during ground operation hasto be
filled with dry nitrogen. The gas tight box is required to avoid the degradation of the Csl
beam splitter for moisture absorption. A bellow valve automatically opens and stay open
when the environment pressure goes below 90 kPa allowing the inner gas to leave the
instrument; when the external pressure increases above that value the valve closes again. The
failure position of such valve is open to avoid an excessive overpressure in the instrument
would damage of the entrance optics.

The interferometer is attached on three fixation points to the main interface plate, to
which also the proximity electronics is fixed. The mounting on the spacecraft is achieved by
four attachment points that are realized with dampers based on silicon rubber elements. The
mounting so performed has a first eigenfrequency at about 80 Hz. The gas tight box is also
mechanically supporting the thermal interface to the radiator, where a thermal flexible strap
will be fixed . Structural elements fulfill the general requirement of having natural
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frequencies higher than 100 Hz, exception made for the modes involving the damping system.
Thereareno pyro devicesin the module.

2.4.2.4-THERMAL DESCRIPTION OF PFS-O.

PFS-O hasfour main thermal requirements: the temperature of the Short Wavelength
detector , the Temperature/stability of the Long Wavelength detector , the
temper atur e/stability of the two diode lasers and the temperature/stability of the optical
bench.

Short Wavelength Detector. The requirement for the SWS is to have a working
temperature lower than 220 K . This goal is achieved by means of a passive radiator,
connected to the sensor by means of an aluminum cold finger. The sensor is mounted on a
three legs pure aluminum structure, connected to the cold finger by a copper braid strap and
mechanically fixed to the optical bench by a thermally insulating structure made in Vespe? ,
having a thermal resistance higher tan 500 K/W. The aluminum cold finger and the mounting
thermal resistance were devised so that the Mars radiative peak power on the radiator
expected at perihelion was delayed on the sensor of about 30 minutesto allow a complete one
hour session to be performed beforethetransient. The cold finger isMLI insulated and all the
fixation structures are made in Vespel. An electrical heater isimplanted behind the sensor for
temperature stabilization during the measurement session. The radiative flux on the sensor
holding structureis minimized by polishing the metallic surfaces.

Long Wavelength Detector .The requirement for the long wavelength sensor are less
stringent for the working temperature, about 25 °C, but challenging for the stability,
<0.01°C/h. The sensor is mounted on an insulating Stainless Steel structure and the
temperature is controlled by an electrical heater placed at its back, fed by an electronic
circuit.

Lasers Diode. A wrong operative temperature of the diode lasers along with its
fluctuations in time may cause degradation of the spectral resolution of the interferometer.
The degradation being function of power, temperature and manufacturing of the device. For
this reason the choice of the best operative temperatur e of the diode lasers must be planned in
the calibration procedure. In such sense a good thermal controller is very important. In PFS
the two laser diodes are thermally controlled within 0.01K experienced as a maximum value
to avoid degradation of resolution. The temperature itself can be set in a wide range between
2°C up to 42°C but the maximum allowed depends on the operative temperature of "1B". In
our case a gradient of 4°C between the fixing points and the laser diode caseis achieved as a
maximum.

Optical bench temperature control . In the interferometer unit there is, during
operation, a dissipation of about 5W of electrical power, mainly in the motor of the pendulum
and the sensor s proximity electronics. The thermal requirement is mainly in uniformity of the
temperature; differences of the order of 2 °C between the average temperatures of the
brackets of the pendulum leads to a reduction of the SNR of 1%. The countermeasures
implemented to avoid the critical gradients are mainly the thermal insulation from the
surrounding. The Interferometer moduleiscovered with an ML1 insulator and fastened to

the interface plate with low conductivity bolts to reduce the influence of temperature
fluctuation in the parts facing its sides i.e. the electronics box, and the external box. The
electronicsbox inside module ™ O" has a power consumption of about 10 W while oper ating.

The whole module " O" isthermally insulated from the Spacecr aft because of the low
thermal conductance of the dampers and of the MLI covering all the external surfaces. The
electrical power dissipated inside the module is removed by the radiator of the SWS because
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of the heat leaks through the mountings and the radiative fluxes. The total heat flux in the
design configuration is about 4 W however in the " Spare" unit for Mars96 , because of an
heavy shielding used for the SWS harness the flux was up to 7 W. In order to avoid this
problem we are planning to use as cabling between the detector and the proximity electronics,
a kapton thin strip, so that the thermal inputsto the detector can be minimised.

In case of a Martian orbit of 6.5 h period the removal of the 15 watts dissipated during
the hour of operation goes on in the following 55 h of sleeping mode. The resulting
temper ature profile for the electronics module shows a peak of temperature in operation with
an increasing of about 10 °C and a cooling down phasein therest of the orbit.

The IB unit has two thermal control system, the first operates when the instrument is
in sleeping mode while the other is on during operations. The Sleeping mode thermal control
system, named ASTRA, is a rough four point temperature control preventing the average
temperature to fall below 7 °C, it has a total power of 4 W. The temperature control active
during operation is mainly devoted to the monitoring/control of some relevant items such as
the detectors, the emitting diode lasers of the reference channels plus 8 spots on the optical
bench.

2.4.3- ELECTRONICSOF PFS-O.

-- The OBDM : Optical Bench Digital Module.

Most of the electronics inside PFS-O is analog electronics but a board based on a
microprocessor has been implemented to control all the complex procedures during the
acquisition of the interferogram, including communication with PFS-E which is the main
electronics. Such board has been called "OBDM", acronym of "Optical Bench Digital
Module'. "OBDM" also includes 32kwords of eprom memory for software storage and 96k
wordsfor data. A general scheme of the PFS-O electronicsisshown in figure 2.
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Fig.3 Module O block diagram.
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--thezero crossing .

We use a laser diode at 1200 nm as reference channel. The interferogram of a monocromatic
light is a sine wave. We use this sine wave, amplified to max , in order to generate pulses, so
that each time the sine wave goes through zero we get a pulse. These pulses are used in
different ways: the sampling of theinterferogram istriggered by these pulses, becausein this
way we have a sampling every 600 nm for optical path difference increments. The motion of
the double pendulum is also controlled by these zero crossings , as we shall see later. The
interferogram sampling is usually done by each laser diode for each channel, although for
redundancy each laser can be used for both channels. Also the double pendulum motion can
be controlled by either of the two laser diodes.

--The speed controller.

The most important block in the electronics of PFSO is the speed controller. The double
pendulum motion operates in a continuous mode: the speed of the mirror's motion is kept
constant in the range of measure and the signal is sampled at equal intervals. In this mode the
gpatial interferogram is directly mapped into an electrical interferogram and some electrical
filter can be used in order to integrate the signal and partially reject the noise outside the
band of interest. A factor of 4 appears in our case between the mechanical speed of motion
and the effective optical speed due to two mirrors moving at the same time. In any case the
mirrors displacement must be very accurate to a small of fraction of a wavelength. For this
purpose the zero crossing of the signal of the interferogram of a monochromatic source very
stable in wavelength can be used for sampling the interferogram of the source to be studied.
In theideal casetheinterferogram of the monochromatic source must be a pure sine wave but
it is not so just for the fact that its interferogram is limited in time. The smaller the
wavelength of thereference source the better isthe accuracy of the sampling. In our casea 1.2
?m was used as a reference source due to the limited variety of lasers diodes and for a
simpler optical design.

-- Thelaser power supply.

Because the wavelength of a laser diode depends on its temperature and power, much care
has to be taken in controlling them. An " Automatic Power Control" ( APC ) was used for the
lasers diode in order to control the power within a few microwatts. The maximum power
allowed for each laser is 5SmW but a compromise must be chosen in order to maintain high
both reliability and signal to noiseratio. In our case a power of about 3mW was chosen. An
additional thermal controller provides stable temperature of the lasers within 0.01K in
vacuum. Either power and temperature are set and read through "OBDM", the Module O
digital electronics. As we mentioned the zero crossing signals of the reference channels are
used to sample the interferogram and also as encoding signal for the speed controller. A
differential amplifier provides the gain for the electrical signal coming from the photodiode
and a filter is added to limit the noise band. A system of comparators generates the zero
crossing signal with narrow width to be further used for speed controlling and for the analog
to digital converters. The speed of the double pendulum is such that a frequency of 2kHz is
generated from the SW channel laser interpherogram. Thus a train of pulses with frequency
of 4kHz comes out from the electronics of the SW reference channel. There could be a
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difference in frequency between the two channels since the length of the armsis different and
only one channel at atimeisused for the speed controlling. The other channel isused only in
case of failure of the former. The speed controller isof Pl type (Proportional -Integral) and the
zero crossing signal of one reference channel is compared with an electrical signal to obtain
the wanted speed. In our case the frequency of the electrical signal is of course 2Khz. In the
Proportional-Integral controlling the error signal is generated from the sum of two voltages:
thefirst one proportional to the difference between the speed of the double pendulum and the
frequency of the external signal, the second one proportional to the integral of the same
difference. In this way the speed of the double pendulum is forced to be equal to that
superimposed by the external reference. At that condition the error signal is of course zero.
The settling time of the speed is maintained as low as possible thorough some parameters set
by experience. In any case it must be lower than 0.5s for having a stable speed during the
measure. The standard deviation of the speed controlling is less than about 0.5% depending
much on the environmental condition, overall in termsof vibration level. It ishard to quantify
the maximum vibration level allowed since it depends on type and direction. We can say that
in general the lower vibration level the better quality of measure in terms of signal to noise
ratio and radiometric accuracy. The speed of the double pendulum defines the chopping of
the signal source and it isrelated to the integration time. In other words reducing the speed
means increasing the signal to noise ratio but the filters must change the spectral width and
cutoff, asthey do in PFS. Reducing the speed makesit harder its control since the vibration
frequencies induced by the motor become closer to the resonant frequency of the mechanics,
around 200Hz. Of course reducing the speed makes the cycle time longer for a single
interferogram.

-- The A/D converters.

There are four analog to digital converters (Crystal CS5101A), two for each channel
for redundancy, having the power supply separated from the rest and output opto-coupled to
the serial converter. All of this reduces the electromagnetic interference going inside the
detectors stage. Furthermore the serial output of the ADCs minimizes the cabling inside the
interferometer block wherethe ADCsreside.

-- Thethermal control.

The thermal control is also very important for an infrared interferometer and it is
operated using eight points for reading the temperatures and for heating the structure. The
controlling is passive so that only heating is permitted. Every point is read and set again
through "OBDM". Additionally also the two detectors (SW and LW) are thermally
controlled. This is important to accurately maintain the radiometric calibration without
increasing very much the on flight calibration cycles. The temperature of "1B" is maintained
in this way at a constant temperature of 13°C. This thermal control requires of course a
minimum of external sink in order to have the equilibrium temperature a bit below the
oper ative temperature.

-- The ASTRA system.

An additional thermal control without electrical connections with the rest is the block
named "ASTRA". This stand alone electronics provides thermal control of "1B" during the
cruise phase while the instrument is off. In this way also during the cruise phase the
temperatureinside " IB" iskept around the operative temperature and the thermal cyclesare
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reduced at the minimum. Moreover "ASTRA" is composed by four channels and it controls
four points located inside "1B" so that also thermal gradients are quite reduced. Thermal
cycles and thermal gradients can be cause of misalignment of the interferometer. The total
power dissipated by ASTRA is6W.

-- The block-unblock system.

The block named " locking system" servesto lock the double pendulum either during
the launch and during maneuvering for orbital insertion and correction. The procedure of
locking and unlocking takes about 10min but it can be repeated hundreds of times since it
uses paraffin actuator instead of pyroelectric or similar devices. Nevertheless for the best
safety the vector of launch should be along the axis of the double pendulum corresponding to
the maximum robustness of the interferometer. This part of electronics activates the blocking
system which is based on a paraffine pushed pin with a mechanism that activated once, puts
the pin out, activated a second time puts the pin in. In any case contact sensars are present to
give information about the status of the system. We shall note here that the actuators are
qualified and guaranteed for 1500 + 1500 actuations. The daily reorientation of the spacecr aft
and the orbit correction manouvres , to be implemented every few days , do not present a
problem in the sense that we do not need to block the double pendulum for those actions.
Indeed it is stated that those thrusters will give 0.05 Nms2, against the 0.5 Nms2 that we can
afford after having increased the balancing mass of the double pendulum.

-- The detectors: SW.

We use a photo-conductor type detector for the SW channel capable to work at a
temper ature down to 200K whose main characteristicsarelisted in the Table 4.

Table4

Main char acteristics of the SW detector
Size[mm] 0.7x 0.7 square
Spectral range[?m] 1.2-45
D'(? max) [cm HzY?|0.910" at 200K, 1.2 kHz
W]
D'(? max) [cm HzY?|0.310"at 250K, 1.2kHz
W]

The SW detector is passively cooled through a radiator and its holder is partially
insulated from the rest of «IB». The minimum conductance between holder and fixing point
acts as a thermal sink to cool down the whole «IB» itself. The operative temperature of the
SW detector isabout 220K.

-- Thedetectors:LW.

For the LW channel we have used a pyroelectric detector whose characteristics are
listed in the Table 5.
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Main characteristics of the LW detector
Size [mm] 1.47? round
Spectral cutoff [?m] > 50
Threshold [W/ HzY?] | About 510™° at 200 Hz
Responsivity [V/W] About 70k
Noise[V/HZ] About 510°

The LW detector is able to work without performance degradation even at ambient
temperature. In our case the ambient temperature is the temperature of «B» which is about
13°C.

25- MODULE E.

Module E, hereafter PFSE, isthe main electronics and controls all the modules of PFS.
PFS-E controls the communication to and from the spacecraft, memorizing and executing the
command wor ds, operating PFS and sending back the data wor ds to the spacecraft. M or eover
it synchronizes all the procedures according to the time schedule and to the time clock coming
from the spacecraft. NOTE : ALL INTERFACE COMPONENTS WILL BE HIGH REL ,
WHILE THE REST OF THE EXPERIMENT ISMOSTLY MIL883B LEVEL.

2.5.1-ELECTRONICSOF PFS-E

The electronics of PFS-E has been divided into 8 boards having each one an own specialized
function. The overall system isrepresented in the simplified scheme of figure 4.
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PFS
-- The motherboard.

The «mother board», is a board without components so that it only allocates the routing to
connect all the board inside PFS-E and the external connectors. Furthermore it serves as
mechanical termination for the boardsthemsdves.

-- The DAM CPU.
The board «<kDAM CPU» contains the cpu «80C86x» and all the chips and timers necessary for
it. It isthereal controller of the entire experiment.

-- The memories.

The board «kDAM Memory» includes either «<RAM» type memory and «EPROM» type
memory. The latter contains the software written in assembler «8086» with its operational
parameters necessary for all the controls. The former contains the data and housekeeping
information acquired by PFS. During the «bootstrap» procedure, «xDAM » copies softwar e and
data from the EPROM to theram for better safety and reduced power consumption. Thetotal
amount of CPU ram memory is 256kbytes while the EPROM is 64kbytes. This memory has
not to be confused with the mass memory, which residesin other boards.

E Module BLOCK DIAGRAM

WATCHDOG | p
CIRCUIT CPU s K
INTERFACE
—>
O Module
MASS «—>
MEMORY INTERFACE
ROM
MEMORY
RAM PModule < )
MEMORY INTERFACE
—>
TIMERS
—>
DMA siIC
TM-TLC
INTERFACE —>

Block diagram of module E.
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-- DAM Interface.

The board «<DAM Interface» integrates all the chips needed for interfacing between
PFS-E and PFSO, PFS-S and PFSP. The interface between PFS-E and PFS-O isa paralle
type having data and commands separated. Such interface presents the highest data
interchange inside PFS. Interferograms and housekeeping information acquired by PFSO
are sent through this channel. In addition special signals are introduced here for example to
reset <KOBDM» inside PFS-O. The communication between PFS-E and PFS-S (the scanner ) is
very simple due to the limited requirements to the scanner .This channel isrelatively slow but
the amount of data does not require a fast communication. The other interfacing included
inside this board is that between PFS-E and PFS-P, the power supply. The modules are
switched on or off by means of a parallel interface used as I nput/Output pins that generate
level signal to the PFS-P. Of course PFSE is switched on at the beginning by a functional
command from the spacecr aft and PFS-E cannot switch off itself.

-- MassMemory.

The board «Memory Card » include the mass memory. The total mass memory
capacity is6 Mbytes and inside thismemory are stored all the interferograms (or spectra) and
housekeeping information of the current session of measure. Normally data are provided in
real time to the spacecraft by means of a FIFO , in the packetized format requested by the
spacecr aft. Our mass memory acts as a buffer , in case some other operationsisrequested on
the data ( originally data compression was done by means of FFT only, but recently we have
added for the mode 1 datatrasmission at least another compression scheme : 2000
measur ements around the ZOPD are transmitted as words , while the other measurements
are transmitted as bytes) . If the spacecraft do not request data from PFS, PFS will go on
acquiring and storing data. Once the mass memory is completely filled, «xDAM» put PFSin a
stand by mode until the spacecraft uploads partially or totally the data. Moreover the mass
memory can be switched off or on in several sectors.

The included «<Hamming Processor» serves to identify and correct the wrong bits
insidethe massmemory. It increasesthereliability of the data storeinside the mass memory.

- 1CM.

The board «ICM Board (DSP unit)» performs the calculation of the FFT on board. It
can calculate the spectrum or sine-cosine components of an interferogram for one or both
channels of PFS-O. The same board can include upon request also an apodization function of
the weak type. In addition it can calculate the medium value of the interferogram for «DC»
signal correction. The FFT on board can be useful for data reduction when we wish to observe
particular scientific data, like absor ption bands of particular gases or simply theradiance of a
part or full band. The board allocates an Analog Devices «2101» DSP plus its static memory
for data and program for atotal of 48kwords.

The board «ICM Board (Interface Unit)» provides the interface between the FFT
board and the CPU board. The data between the two are interchanged through a «<DMA>»
channel («Direct Memory Access») for a fast execution.

-- Spacecr aft I nterface.

The board «Spacecraft Interface» includes all the chips for communication with the
spacecraft. Most of the components on this board are optocouplers and buffers. The board
also owns two «FIFO» memory («First In First Out») having a total capacity of 8kbytesin
order to dump the interchange of the data between «DAM» and spacecr aft. The interface is
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based on a hardware of majority logic of two over three for reliability of communication. The
same logic isalso foreseen for the sincro signal from the spacecr aft clock.
-- Softwar einterface.
The DAM hasall required interfacestothe DM S:
- Memory Load Command (MLC)
- Serial Digital Telemetry (SDT) sampling
- Serial Digital Telemetry line
The DM S interfaces are compatible with the following ESA standards:
- Packet Telemetry Standard (ESA PSS-04-106)
- Packet Telecommand Standard (ESA PSS-04-107)
- Telecommand Decoder Specification (ESA PSS-04-151)
At the physical level theinformation istransferred as 16 bit serial digital telemetry acording
to the ESA Data Handling Interface Standard (ESA PSS-47/ TTC-B-01).

Thetelemetry information is prepared according to ESA and MARS-EXPRESS mission
standards. The main telemetry data unit, Sour ce Packet, contains following fields:

- Sour ce Packet Header

- Data Field Header

- Source
Data The Sour ce Packet Header and the Data Field Header have
predefined structure. Only the Sour ce Data can contain private PFS information. Thereisno
useto store headerstogether with the Sour ce Data.

The Telemetry subsystem prepares only Sour ce Data and stores them in the Mass Memory.
The Source Data will be extracted from the Mass Memory, included into the Source Packet
and sent to the spacecraft by the TM interface task.

Since the maximal length of the Source Data field is 4096 bytes, when the full size of the
Data Pack can be as big as 40 Kbytes, the data segmentation should be used. The Telemetry
subsystem cutsthe Data Pack by pieces and adds a header to each piece. The header contains:

- acquisition number within the Session

- segment number within the acquisition
Thisallowsto distinguish all ssgments obtained during the Session rather than during one
acquisition.

2.6 - MODULE P.

PFS combines many kinds of electrical energy consumers. standard digital and analogue
electronics, sensitive preamplifiers and A/D converters, light sources and electromechanical
devices (motors and relays). All of them have different requirements for the supply (voltages,
currents, ..), in fact some of them need to be galvanically separated from others and/or
individually controlled by PFS's main microprocessor (DAM). Thisisthereason why block P
is more complicated than the simple DC/DC Converter — it consists of three independent
converters, six different power outputs (totally 13 independent voltages), one common input
interface to satellite and one interface to DAM. All converters have cold redundancy.
Switching between main/reserve +5V is controlled by satellite, others main/reserve converters
arecontrolled by PFSitself.

PFS-P is almost fully redundant system. It consists of two independent sets of DC/DC
Converters working in cold redundancy. Each set has three converters dedicated to: supply
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the digital +5V, supply the sensitive electronics inside SAM and to supply all others analogue
electronics, heaters and motors. Switching between main/reserve +5V is controlled by
satellite, others main/reserve converters are controlled by PFS itself trough the commands
from DAM.

Figure below showsthe block diagram of block P.
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Each of independent convertersworks at 131 kHz with variable pulse width. Siliconix Si9110
is used as PWM controller, the feed back loop is closed magnetically. Overvoltage and
overcurrent protections are built-in.

Power outputs consist of the filters and SIPMOS switches to be used for controlling (by the
commands from DAM) the supply of Scanner, SAM, Block O and Calibration Lamps.

Block P generates six status signals to be used inside DAM for H/K purposes. These are the
+5V Main/Reserve, +/-15V Main/Reserve, SAM Main/Reserve, +5V OK, +/-15V OK and SAM
OK lines. The output driversfor these signalsare not redundant.

ASTRA System, located inside block O, is connected to satellite trough interface inside block
P. These are the power lines, the High Power Commands for ASTRA ON and OFF and relays
to execute the commands.

Scanner Emergency Spring, located inside the Scanner, isinitialised by the subsystem inside
block P. This subsystem is controlled by satellite HPC and DAM commands. Only when both
commands appear the SES can be supplied (initialised).

Five temperature sensors (thermistors: one in P, onein S, one in E and two inside O) are
connected to satellite Analogue Conditioned Telemetry trough interface (connector) located at
P box.
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PFS
PFS-P parameters
Primary input voltage 28V +1% [/ -2% - 0.3? *l0ag
Primary input current 0.3A sleep mode
(0.8A—-1.3A) normal mode
(1.7A) max., motorson
Average power consumption (35W) during normal operation
8.1W sleep mode
Secondary voltages/currents +5V/600mA E block
+5V/300mA O and A blocks
(+5V/1.1A) C and K blocks
+15V/100mA A block
+15V/440mA O block
-15V/350mA O block
+5V/150mA SAM
-5V/65mA SAM
+15V/20mA SAM
-15V/13mA SAM
28V /25-360mA ASTRA
(28Vv/40-600mA) motorsin C
28V/350mA blockout of O (5 min)
Dimensions 180mm height
60mm width
230mm depth
M ass 2300g
2.7- MODULE S.

The module S ( scanner) isasingle-axis pointing system located in front of the optical
entrance of Module O . The axis of rotation of the scanner mirror will be in coincidence to the
optical axis of the module O. Space will be scanned in the plane perpendicular to the axis of
rotation. The scanner consists of two parts. The first contains a cylindrical housing with a
golden cover mirror and calibration unitsfor Long Wavelength Calibration (LWC) and Short
Wavelength Calibration (SWC) . The second contains a system that rotates the mirror and an

electronicsfor the scanner .

PFS-S ssmplified schematic overview is shown on the figure below.

P.l. Vittorio Formisano
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The cylindrical housing (1) has a round empty window (an entrance window with
diameter ? 8mm) through which the IR radiation to be measured comes to the mirror and
goes through an exit window (diameter ? 78mm) to PFS-O optical inlet. The axis of optical
outlet of PFS-Smust coincide with the axis of PFS-O'sinlet within 0.1° .

The flat golden cover mirror (2) (with itscylindrical housing (1)) can be rotated by the motor
(3) through the worm gear reductor (4) and freewheel clutch (5). Owing to this clutch the
motor is able to rotate the mirror in one direction only (but the number of revolutionsis not
limited).

The mirror has 8 working angular positions. Three of them are used for calibrations (cold
space, absolute black-body and the calibration lamp), the other 5 are the measuring ones:
nadir, 12.5 deg to the " left" from nadir, 25 deg left, 12.5 deg "right” and 25 deg right. The
precision of angular positioning is about 0.25 degree. The expected time of one full revolution
without break will not exceed 10s. After switching on the scanner automatically stops at the
initial position-in front of LWC .

The sequence of operationsis much simplified: PFS-S gets a command from PFS-E to move
the mirror to the next of 8 pre-defined positions, executesthe command, measur esthe reached
angle and informs PFS-E of the new position. To inform PFSE that the mirror isin theright
position, differential magnetoresistive sensors and a system of cooperating T-screws located
on top of the cylindrical housing are used. The T-screws are made of paramagnetic material.
Thanksto the system of T-screws each position hasits own binary code, which can be read by
3 sensors. 3 sensors are sufficient to read 8 positions. An independent system of T-screws
exists for validation position. For redundancy this independent system is doubled and
positions are read by 2 independent sensors. After each move, the next mirror’s position is
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validated and the code of the current position is sent to the module E. Additionally, the nadir
position has an independent sensor. This sensor can also be used to check the proper
functionality of the motor and the electronics. The checking procedure can be run in the
module E software. In case of the negative result of checking the module E by the command to
the module P can switch on thereserve part of the scanner.

In order to increase the reliability of the scanner system, most of the parts inside are
duplicated, except of the LWC and SWC units and the interface to the E block (drivers and
connector). There are two independent motor mechanisms and two motor drivers/controllers
working in cold redundancy. In case of failure in motor system the mirror can be rotated in
the same direction by theredundant motor with its clutch.

The switching between main and redundant scanner’s parts can be done through the supply
linesfrom module P and a dedicated command to be sent from module E to module P.

The scanner isequipped with two calibration units:

? Short Wavelength Calibration (SWC) unit for the spectral rangefrom 1to4?m,

? Long Wavelength Calibration (LWC) unit for the spectral range from 5to 45?m.

The SWC unit consists of a parabolic mirror (7) and a special lamp (8).

The LWC unit (so-called: absolute black body) is placed near the mirror housing. It consists
of an IR-emitter (9) and temperature-measuring electronics (10). The emitter is a black-body
model with emissivity >0.99; it has the same temperature as PFS-S mechanical structure.
Two resistive thermosensor s Pt-100 are implemented inside the black-body. Its resistance is
measured by electronics (10) and the resulted analogue signal is cabled to PFSE and further
to PFS-O for AD-conversion. Accuracy of temperature measurement is0.1K .

When the mirror isrotated away from the LWC calibration unit, the external side of mirror's
cylindrical housing appears in front of the black-body and serves as a kind of cover. This
external side has a very low emissivity factor (e<0.04) and thus does not affect the black-body
temperature.

The temperature of PFSS will be measured by termistors located inside the PFSS
mechanical structure. Their resistance will be measured directly by Spacecraft's temperature
measuring system (Nominal and Redundant channels).

The overall size will be about 250x180x180 mm; mass less than - 3,5 kg; The power
consumption depends on the mode of operation.

1. Normal or sleeping mode mirror fixed and electronics switched on 0.5W,

2. Calibration mode electronics and the calibration lamp switched on ~ 4W,

3. Mirror positioning mode 5,5W.

Spacecraft walls will protect the PFSS external surface (excluding the mirror
housing (1), what give the possibility to keep the temperature within (-20...+40) centigrade.
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The PFS-Sblock schemeisshown on thefigure below.
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2.8 —HARNESS.

All connectors on boxes shall be female, all connectors on cables shall be male. Cables shall be
approximately 50 cm long.

PFShas5 internal cables: we shall call them C101, C102, C103, C104, C105.

PFS has from the spacecr aft 6 exthernal cables: CS01S, CS02S, CS03S.

For pin functions and type of connectors, see document MEX-CNR-I1PDR-09.01
C101 isa cable between module P and E. TBD pins.

C102 isa cable between module P ansS. “

C103 isa cable between module Sand E. “

C104 isa cable between module P and module O. “

C105isa cable between module O and moduleE. *

CS01Sisthe power supply interface cableto module P. TBD pins.

CS02S is the functional commands, temp.monitor., contact sensors and emergency actions to
module P. TBD pins.

CS103Sisthetelemetry and telecommands interface with module E. TBD pins.

3.-INSTRUMENT SOFTWARE DESCRIPTION

The experiment PFS makes use of three microprocessors , therefore there are 3 software
packagesrunning, eventually smultaneously. We use 2 ?p 8086 and one AD2100.

See also document MEX-CNR-IPDR- 10.01
3.1- MODULE O SOFTWARE.

Theboard OBDM controlsthe entire module O and all itsdelicate functions. The actual tasks
performed by OBDM softwareare:

- Selftest.

- Receive setting parameters.

- Receive and execute commands from module E.
- Set hardware parameters.

- Read housekeeping.

- Perform autonomoustest.

- Unblock/block double pendulum.

- Read interferograms.

- ReduceLW interferogram if needed.
- Transmit datato moduleE.

- Executefailure mode commands.

311 - Seftest.
At switch on the first thing it is done by OBDM is a =if test, in order not to have
registerswith wrong data.
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3.15
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3.1.7

Receive setting parameters.

At switch on of the experiment a data block is passed from module E to O , containing
the information for setting a number of parameters of critical importance : among
these are the temperatures of the laser diodes, the status in which should be many
different registerswhen no activity isgoing on , etc.

- Receive and execute commands from module E.

There may bedifferent commandsto execute:
--start data acquisition.

--start autonomoustest.

--unblock/block double pendulum.

--take housekeeping data.

--give datato module E.

--give statusto module E.

-- gotoinitial position.

-- monitor of reference channel.

- Set hardwar e parameters.

There are a number of parametersto be set ( or changed if needed) in the hardware, in
order to start and work correctely : these are temperature of the laser diodes ,
temper ature of the optical bench , but also in many other placesin the different digital
controller of the hardware.

- Read housekeeping.

The housekeeping is made of tbd parameters mostly temperatures and voltages, but
there are also other important quantities like the status of module O, the status of the
gas tight valve, the status of the block/unblock pin, the direction of motion of the
pendulum, etc.

- Perform autonomous test.

The autonomous test is ment to be a complete check-out of module O , electrical,
optical and mechanical conditions: it is performed by means of a number of motion of
the double pendulum : first we measure the sine wave of the laser diode interferogram;
then we measure the time for each zero crossing of the sine interferogram, so that we
have a full study of the speed control loop hardware; we repeate then a few
measur ementsfor different gain settings; etc...

- Unblock/block double pendulum.

It isa simpleroutine that gives power to the Starsys device and waits the time needed
for the deviceto block or unblock the double pendulum. It reports back the new status.




PFSfor MarsExpress MEX.CNR.IQAR 02 P.l. Vittorio Formisano

15/November/2001 Page 31 CNRIFS

318

3.19

3.1.10

3111

- Read interferograms.

Upon command the double pendulum moves and at each zero crossing of the sine
interferogram the A/D converter provides the readings of the SW and of the LW
channel radiation intensity of the interferogram. In this way two vectors of 16384
pointsareacquired.

- Reduce LW interferogram if needed.

From what we know thereis no need to transmit 16384 points for the LW channel, so
we can reduce them to 4096 points ( one out of four ) in order to reduce the amount of
datato betransferred from O to E modules.

- Transmit datato module E.

Housekeeping data, the status data and the two interferograms are transferred from O
to E according to a fixed protocol and under the control of module E. This data
transfer must be minimised in order to reduce the repetition cicle. Presently it is
estimated 2.5 sec for transferring LW 4096 + SW 16384 wor ds; note that thistime adds
to theacquisition time of 5 sec, that iswhy we consider the repetition cycle of 10 sec.

- Execute failure mode commands.

There are several failure modes which are implemented to overcome possible problems
: broken laser diode; broken A/D converter ; no zopd signal ;etc...

Broken/misalignement of laser : we switch to the other one ( normally the motion is
controlled by the SW laser ), we can use also the LW laser for motion control.
Furthermorethe interferogram signal is sampled by using each laser for each channd,
but PFS can also make use of onesinglelaser for sampling both channels.

Broken A/D converter : we switch to the otherone ( normally each channel useits own
ADC, but in failure mode each ADC can be used for both).

No Zopd pulse : in this case the entire motion control would not work, and the
experiment would fail : we can have a software routine that gives an order for the
motion to start, and eventually correct the zopd position after one or more motions. A
flag should indicate thisway of working.

3.2- THE FFT SOFTWARE.

In order to reduce the amount of information to transmit to ground, the ICM hardware is
able to perform the Fast Fourier Transform of the interferogram acquired by module O.
There are 4 different ways to work for ICM, depending on the Coded Control Words sent
from DAM before the data. These words specify ICM mode of operation and the memory
bank to be used when the LW interferogram is being processed.

& 4K —4kilowordsaregiven to|CM, no memory banck specified.
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& 4Ks—4 kilowordsaregiven , but amemory banck is specified.
& 16KI| —16 kilowordsaregiven , but beinga LW interferogram, only 2K arereturned.
& 16K — 16 kilowordsaregiven , but being a SW interferogram, 8K arereturned.

In the Control Words can also be specified if the interferogram must be apodized (only avery
weak apodization isimplemented).

The above 4 modes of operation have another 4 counterpart as there is the possibility to
return back the FFT module ( spectral intensity ) or thelm + Re parts ( sine/ costransform) .
In thelast casethe data block returned hasthe same size asthe data block given.

3.3- THE OVERALL SOFTWARE OF THE EXPERIMENT : MODULE E.

The software of module E has many important tasks as DAM is the center of the entire
experiment in terms of decision taking, control, communication. Thetasksof DAM are:
Initialization.

Switch on of subsystems.

Control OBDM.

Control ICM.

Control Scanner.

Go to sleegping mode.

Wake-up from sleeping mode

Check time and calculation of orbital parameters.
Give commandsto module O.

Give commandsto module P.

Give commandsto module S.

Rotate scanner.

Get black body calibration data.

Get Space calibration data.

Get Autonomoustest data.

Get marsdata.

Control MassMemory.

GivedatatoICM.

Get datafrom ICM.

Cut data according to data transmission mode.
Get data from Mass memory.

Preparedatain telemetry formats.

Give datato spacecr aft.

Get commands from spacecr aft.

Execute commands.

BERERRRRRRAAARAARRAAR R R KRR &K

4.- MODES OF OPERATION
4.1 - MODESOF OPERATION .

PFS has five modes of operation, not considering the off mode. These modesare:
- astra

- sleeping
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- autonomous test
- calibration
- science.

4.1.1- ASTRA MODE.

One or two days after launch, the ASTRA mode should be switched on. This mode
allows the dissipation of some power inside the Interferometer block, so that the temperature
shall not decreasein time, asit would be if no power isdissipated. Indeed the Interferometer
block has the SW channel which works at low temperatures, therefore it is always connected
to a passive radiator. During cruise phase the temperature could therefore go down very
much if no heater is on. ASTRA provides 4 heating points inside IB , so that extreme low
temperatures , which could permanently affect the interferometer, are avoided. In this mode
PFSisoff, only power isgiven to the ASTRA board.

4.1.2 — THE SLEEPING MODE.

In orbit around Mars, when not operating, PFS will bein the so called sleeping mode .
In this mode power is giveto ASTRA and to Module E : Module O and the Scanner are off.
Thismodeisused to keep data in the mass memory, waiting for the possibility to provide data
to the spacecraft. In this mode , also, DAM may try the supercompression of the spectra,
before giving data to the spacecr aft. I n thismode PFS may receive telecommands and the time
information, so that may awake-up when the correct time is reached. The correct time is
prescheduled in the orbit parameter computation.

4.1.3—THE AUTONOMOUSTEST.

Thisisthefirst activity after the awake-up command is received by DAM. The module O is
switched on, and the autonomous test is started. In this mode we acquir e information not only
on the housekeeping of moduleO,E,P,S but also we move the double pendulum, we sample the
laser diode interferogram, we control the speed control device by measuring for one full ramp
the timing of the zero crossings, we test also the gains of the amplifiers, and other important
guantities ( see description of the autonomoustest in section below ).

The autotest procedur e has the aim to test the status and the functioning of all the PFS parts.
The autotest will also generate some data which shall be trasmitted and examined on ground.
The data trasmitted will be in the same amount of a full interferogram for both LW and SW
channel, but the content of the information will bedifferent.

-- AUTOTEST OF MODULE O.
The autotest will be performed in at least 60 seconds, as it will request several full motions
of the pendulum in onedirection and back.

Motion 1

In the first motion the timing between successive zero crossings will be measured and
stored in memory. 16384 measur.

Motion 2

In the second returning motion we will sample ten full sine wave from the reference
channels (there should be 30 measurements in one cycle, therefore we take 300
measur ements) 300 measur .
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then we sample the sine wave taking only two periods (30 points per period ), in the following
conditions:

4 gain factorsfor fotodiode = : 240 measur .
4 laser diode power values (out of 256 possible) = 240 measur .
4 valuesof the power read directely on the laser. 244 measur .

At the zero optical path difference pulse arrival read the calibration  sources for both
channelsfor 4 possible gain factors: 20 measurements each , 80 measurementsper channel
= 160 measur ements. 160 measur.

Motion 3-4

In thethird and fourth motion we change the reference frequency by 2 % aboveand 2%
below the nominal value. We take 210 measurements of the zero crossing timing at the zero

optical path difference pulsearrival. 440 measur .,

Motion 5-6
In the fifth and sixth motion we swicht on the second motor and repete the previous
measur ement, collecting other 40 measur ements. 40 measur .,

Motion 7-8

In the seventh and eight motion we change the power of the TRW led up and down by 10
% and take the same measurement as in motion 3,4 in the sense that going is with TRW
power up and reference frequency 2% up, comingis with TRW 10% down and reference
frequency 2% down . 40 measur.

--AUTOTEST OF MODULE E
Thiswill consist of the procedure implemented at the switch on and no extrainformation
will be generated than what is already given in the housekeeping.

--AUTOTEST OF MODULE S.
This autotest should permit motion of the scanner to one or more fixed positions
predetermined, the information returned should be not only the angles given for motion
and those measured asresult of motion, but also thetimeneeded for the motions.
42 measur .
--AUTOTEST OF MODULE P.
In this case we would like to check the voltages on the different lines. The resulting
information isalready given in the housekeeping data and in the statuswords.

-- AUTOTEST DATA TRASMISSION.
The autotest data will bein aformat similar to theusual one:

HEADER 20 bytes
HOUSEK EEPING 52 bytes
SCIENCE GENERALITIES 14 bytes
MOTION DATA 32 768 bytes
SINE WAVE 600 bytes
FOTODIODE GAIN 480 bytes
LASER POWER 488 bytes
GAIN DETECTORS 320 bytes
REFERENCE FREQUENCY 180 bytes
SECOND MOTOR 180 bytes
TRW POWER 180 bytes
SCANNER 14 bytes

total 34995 bytes.




PFSfor MarsExpress MEX.CNR.IQAR 02 P.l. Vittorio Formisano

15/November/2001 Page 35 CNRIFS

41.4—-THE CALIBRATION MODE.

Immediately after the autonomous test, PFS goes into the calibration mode, if the IB
temperatures are OK. In this mode also the scanner moves, providing the possibility to
acquire a number of measurements pointing first at the internal black body, then to deep
space, then again to the black body. In each case a minimum of 10 measurements ( 20
measur ements in the commissioning phase ) are taken. These sequences must be donein time
before the science section starts. But they are also repeated after the science section is
finished.

As these two calibration sessions are repeated every orbit, they provide us with 60
measur ements to be transmitted, to be added to the 480 martian spectra per orbit ( at least).

4.1.5—-THE SCIENCE MODE.

Along each orbit we will have a science session in which the science mode will be used for PFS
. The operating period will in general last 80 minutes. In this period the scanner will bein a
fixed position ( probably nadir pointing) .

By operating 80 minutes, as the cycling acquisition time is of 10 sec max, we should get 480
measur ements per orbit. If we are able to reach repetition time of 7.5 sec, then we can achieve
mor e spectra per orbit. With an orbit of 6.5 hours we will have 1680 spectra per day. The
possibility to transmit these measurements will depend on the capability to match the
allocated data rate by means of data compression ( FFT , spectral cutting or other ).

4.2- DATA ACQUISITION CYCLE.

We have given above the general information on the modes of operation of the experiment.
We shall give herethe detailed infor mation on the cyclethat provides one full measurement.
We start with the command from E to O to start a new measurement. O moves the double
pendulum which goesin the so called “ starting position” . The motion of the pendulum starts
and at each zero crossing of the laser diode interferogram of the SW channel the SW signal is
sampled. At the same time the other laser diode gives another zero crossing for the sampling
of the LW channel. While taking these measurements at a certain point the ZOPD zero
optical path difference signals is received and a counter starts. When this counter reaches
8196 , then the double pendulum is stopped. The number of measurementsis ssmmetrized so
that 16384 points are available for both channels. All this should be done in less than 5 sec.
Data are then transferred to module E : for the SW all 16384 points are transferred, while for
the LW there are 2 possibilities ( depending of the mode requested ) either all points are given
or 4096 data points ( one out of 4) are sent to module E. Here DAM receivesthe data, passthe
data to ICM which performsthe FFT for each set and then data are put in the mass memory.
If interferograms are requested, ICM is ignored and data are put into the mass memory
directely. From logic point of view only at this point DAM gives order to OBDM to start a
new acquisition, but in reality the order has already been given after all data have been
received from module O to Module E.

After each data acquisition cycle PFS checks whether new telecommands have been received
and executes them (if any). The telemetry information it is sent at any time on request from
the spacecr aft according to a FIFO procedur e taking data from the mass memory sequence.

5-THE EGSE
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5.1 -Electrical Ground Support Equipment.

An EGSE is required in order to support any of the functional and calibration tests at
instrument level. See Color Plate 2 for an image of the PFSwith the EGSE. Dueto the tasksto
be performed beforelaunch , at IFSI or at MM S, there will be two configurations of the GSE :
a simpler one for technical checkout, and a scientific GSE with eventually a more powerful
computer, but mainly with extratoolsfor the data analysis of PFS measurements.

The Hardwar e configuration (the names proposed below are TBD) will be:
? Spacecraft Interface Simulator,
PFS Checkout Station,
? PFS Science Workstation(s).

)

The déivery of thefirst two units (which are the equivalent of PFSMars 96 “small GSE”)
is the contribution from the Polish group. The delivery of PFS Science Workstation isIFSI
( P.l. responsability).

5.2-. Spacecr aft I nterface Simulator

Spacecr aft Interface Simulator will be used at PFS assembly, integration, verification,
calibration and autonomous tests. It will be situated between the PFS and PFS Checkout
Station. It will provide the simulation of the S/C interfaces to PFS and comprise the front-end
functions related to the TM/TC data link with PFS. It will simulate the Satellite EGSE
interfaceto PFS Checkout Station.

Spacecr aft Interface Simulator will be manufactured in house as an independent, simple box
plus some PC-mounted card(s) according to the technical requirements specified by Matra
Mar coni.

5.3- PFSCHECKOUT STATION

PFS Checkout Station will be used together with Spacecr aft Interface Simulator at PFS
assembly, integration, verification, calibration and autonomoustest levels. PFS Checkout
Station as stand-alone unit will be used for PFSintegrated on S/C in itsfinal configuration. It
can also be used in Operational Centrefor providing a quick look analysis of the data.

PFS Checkout Station is designed to support the integration and test of the PFS
experiment allowing user:
? toacquiretelemetry and send telecommand to PFS under test;
to define data-base items (telemetry, telecommands, parameters, etc.);
towritetest sequencesand proceduresfor an automatic test;
to create panel displaying on-board parameters,
to interface (acquire data, send commands) to dedicated equipment (PFS Science
Workstation);
tore-play previously made tests.

NN N N

)
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PFS Checkout Station ( so called “small EGSE” ) will be used as the main system for
managing the tests session by providing the full control of the TM/TC data exchange,
automation of tests procedures, monitoring the HK, data archiving and logging of the activity.
The capabilities to provide the ssimple analysis and display (quick look) of HK and scientific
data and to distribute preliminary packetised science data to PFS Science Wor kstation(s) will
be also implemented.

The small EGSE softwar e ar chitecturewill include:

Driversfor communication with Satellite Simulator and/or Satellite EGSE,
Driversfor communication with PFS Science Wor kstation(s) (network),
Single command inter preter,

Command batch file editor and inter preter,

PFS Tests Procedures,

PFS Real Time Quick Look (for HK and raw science data),

PFS Archive (for HK and raw science data),

Science data packetisation and distribution through network,

PFS Data Base

CoNoOrWNE

PFS EGSE isthe operator console, which sequencesthe test operations by sending TCsto
the instrument, archiving all the TM data and monitoring the instrument HK TM, using
dedicated panels as man/machineinterface.

5.3.1.- PFSEGSE configuration for instrument level

The Instrument EGSE will be used mainly for AlV tests and calibration. It will be composed
by a Spacecr aft I nterface Simulator (SIS) and PFS Check-out Equipment (COE).
The COE will be used as the platform for system EGSE to provide tests of PFS at satellite
level.

Asit isnot decided yet which SISwill be implemented (manufactured by SRC or some
recommended by Matra Mar coni) two possible configurations ar e proposed.

In first configuration as it is shown in Fig.1.2.1-1, COE and SIS are put in one
mechanical frame and they create one portable system.

Fig.5- Configuration A for Instrument PFSEGSE

PES PFS-EGSE USER PC
SIS | COE ’
| Telemetry
(Commands | oBpH " L
H/K simulator
— Tnes ”]
P_OWEF ooU USER PC
lines simulator | HDD e
Writt...CD
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In the second configuration (shown in Fig.5.3.1-2), COE and SIS are separated in two
mechanical frames.

PFS PFS-EGSE PFS-EGSE USER PC
SIS COE
Telemetry
_Commands OBDH
< Simulator ‘L-AN(r)l J.AN
H/K Lines B d -
USER PC
Power Lines PDU HDD N
- Simulator R/W CD

Fig.6 - Configuration B for Instrument PFSEEGSE
5.3.2.- PFSEGSE CONFIGURATION FOR SYSTEM LEVEL
The System EGSE will be used mainly for quick-look for housekeeping and science

data during the instrument integration on satellite level. It will be composed only by PFS
Check-out Equipment (COE).

PFS PFS-EGSE USER PC
Telemetry SIS COE >
Qommands
oBDH
H/K simulator
lines EAN
Ppwer USER PC
ings PDU
simulator HDD —P
Writt...CD
v v h 4
S/IC EGSE

Fig.7 - Configuration for System PFSEEGSE
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The main tasks of PFS Check-out Equipment are:

a) tomanage atest session providing thefull control of TM/TC data exchange,

b) to providetheautomatisation of test procedure and

c) toaccumulate, analyse and display the HK and scientific data contained in the TM packets
in order to control on sitethe functioning of the instrument under test.

PC, to be adopted as COE should have the following properties:

- should be enough powerful to fulfil in real time the tasks mentioned above or, even more:
the specification of PC should exceed the current requirements for implementation of
mor e demanding softwarein the future,

- the PC should be opened for the further hardware modifications ( for example:
installation of the new peripherals),

- thePC should be easy to handle and oper ate in many various places and conditions.

5.4- PFS EEGSE SOFTWARE REQUIREMENTS.

The softwar e will provide the environment for the exploitation of the data gener ated
by theinstrument during the on-ground tests of PFS. The required main functionsare:
a) supportthePFSAIV,
b) support the PFS calibration,
C) support instrument integration and tests on the S/C

The software running in the PFS Check-out Equipment will support the operation of the
instrument throughout the SIS. It will provide communication |/F by means of dedicated
sequences, perform the relevant consistency checks and monitoring processes, acquire and
storethe TLM datain a native (binary) format.

The main functions of the System EGSE are:
a) acquireTLM packetsviaLAN,
b) storeHK and science datain TBD format,
c) perform preliminary analysis of the data,
d) reconstruct images, spectra and time profilesand perform real-time quick-look display,
e) perform more detailed data analysis (off-line processing) (TBD).

At themoment the IDL softwar e platform is proposed asthe base for EGSE software.
6.- THE CALIBRATION FACILITY.

Thelist of calibration toolsincludes: (1) Vacuum chamber. (2) Source system A = a standard
(certified) lamp with a certified scattering screen. (3) Source system B = narrow aperture
high temperature SW BBS (black body source) with a scattering screen. (4) Source system C
= two wide aperture low temperature LW BBS, one of them to imitate the planet, other the
cosmic space. Seefigurefor a scheme of the calibration facility.




PFSfor MarsExpress P.l. Vittorio Formisano

15/November/2001 I\P/Ias;( 4%NR'I QAR.02 CNRIFS

SW BLACK BODY
MODULE O

MODULE
S WARM BLACK BODY

MIRRORS

SCHEME OF THE ORGANIZATION OF THE CALIBRATION VACUUM CHAMBER

Vacuum chamber. It hasinternal diameter 1.1 m, PFSitself and also calibration systems B
and C are placed inside the chamber during calibration. It has an optical window. Light
from the source A which is placed outside the camera comes through thiswindow to PFS
posed inside of camera. The chamber was produced in Italy specially for PFS calibration and
installed in IFSI, Frascati ( see colour platein front of thisdocument).
Sour ce system A. Standard lamp produced and certified in Russia by VNIIOFI - an optical
Institute in Moscow it is used to illuminate a diffusing screen . Spectral illuminance on
some distance (300 mm) isknown for the lamp and also spectral reflectance for the screen
for wavelengthsup to 3?m. Theselamp and screen, and their certification measurements
were ordered directly for the calibration of the PFS SW-channel. Thelamp and screen (180
mm diameter) are installed outside of the chamber and send light to PFS through the
fluoride window .
PFS receives diffusely reflected (from screen) and partially extincted (by the window and
atmospherical gases) light of thestandard lamp.
Source system B. High-temperature blackbody source SW BBS was designed and
produced in Russia (also VNIIOFI) specially for the PFS experiment together with
other certified diffuse screen (130 mm diameter). This source/screen combination can work
only in vacuum, inside of the chamber. The output aperture of SW BBS is equal 5.5 mm,
temperature up to 2200K (but morethan 1900K is not recommended. PFS receives diffusely
reflected (from screen) light of the SW BBS. Weneed such sort of source to avoid
influence of atmospheric absorption bands on calibration and also to provide calibration in
the full SW-channel range with single source. However we can not to use for calibration
: Hs— Hy— wihole

ple

A - - atda ale ala 0 0 - aVa

check of linearity using " rever se square method" can be used only with the source A.
Sour ce system C. Both of LW BBS sources are identical. Every of them consist of flour
parts. emitting plate ( having special profile and coating ), heating/cooling systém,
[emperature measurements system and anti-reflection blend. Special cryogenic deyice
providesthe liquid nitrogen supply of both source. These sources and cryogenic supply




PFSfor MarsExpress MEX.CNR.IQAR 02 P.l. Vittorio Formisano

15/November/2001 Page 41 CNRIFS

system were designed and produced in IKI. The output aperture of the LW BBS is equal to
105 mm, temperaturerangeisfrom 110 to 300K. PFS receives thermal radiation directly
from LW BBS. Electrical supply for LW BBS can be provided by conventional laboratory
power supply boxes.
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Fig.8 - An example of results of calibration measurements with the Source A: spectral
featuresof water vapor in air on the path outside of the chamber.

Systems B and C were used successfully and calibration results presented in the section 5.2
areobtained with them. System A also was used but in last moment some spoiling effects
of the external scattering light were identified. We suppose in thefutureto improve the
light protection. However we estimated from these measurements and also from results of
our detectorsstudiesthat linearity is kept well enough in the working range of radiation flux
on the SW channel detector. Some interesting spectra were obtained with this source
that demonstrate capability of the instrument for water vapor detection (see Figure. 30). It
should be noticed that requirements to the detector linearity are stronger for Fourier
spectrometer than for «classical « one because of much larger dynamical range.

THE CALIBRATION ACTIVITY SHOULD NOT BE CONFUSED WITH THE
TERMOVACUUM TESTS WHICH WILL BE DONE IN THE SAME CHAMBER
SEPARATELY .

7—SCIENTIFIC OBJECTIVES.

The Planetary Fourier Spectrometer (P.F.S.) proposed here for the Mars Express
mission is an infrared spectrometer optimised for atmospheric studies able to cover the
wavelength rangefrom 1.2 to 45 ?m divided in two channelswith aboundary at 5?m.

The spectral resolution is 2cm-1 . The instrument field of view FOV is about 2 © for the

Short Wavelenght SW channel and 4 © for the Long Wavelength LWchannel which
corresponds to a spatial resolution of 10 and 20 km when Marsisobserved from an height
of 300 km (nominal height of the pericentre ). P.F.S. can give unique data necessary to
improve our knowledge not only of the atmosphere properties but also about
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mineralogical composition of the surface and the surface-atmosphereinteraction.
The scientific objectives of the P.F.S. experiment can be summarised asit follows:
1) Atmospheric studies:
a) global long time monitoring of the three-dimensional temperature field in the lower
atmospher e (from the surface up to 40-60 km);
b) measurements of the minor constituents variations (water vapour and carbon
monoxide);
c) search for possible other small components of the atmosphere;
d) new determination of the D/H ratio;
e) study of the optical properties of the atmospheric aerosols. dust clouds ice clouds
hazes; determination of the size distribution and chemical composition;
f) investigation of radiance balance of the atmosphere and the influence of aerosols on
ener getics of the atmosphere.
0) study of global circulation, mesoscale dynamics and wave phoenomena.
2) Surface studies:
a)monitoring of the surface temperature;
b)determination of the thermal inertia obtained from the daily surface temperature
variations;
c)determination of the restrictions on the mineralogical composition of the surface layer;
d) determination of the nature of the surface condensate and seasonal variations of its
composition;
€) measur ements of the scattering phase function for selected places of the surface;
f) pressure and height local deter mination (CO, altimetry) for selected regions,
g) surface-atmospher e exchange processes.
The experiment is a double pendulum interferometer that will measure Martian radiation
from 1.2 to 45 micronsin two channels with a resolution of 2 cm -1, i.e. 2000 spectral pointsin
the LW and 8000 spectral pointsin the SW channel .

The experiment will have real time FFT on board to be able to select the spectral range of
interest for data transmission to ground. Measurement of the 15 micron CO; band isvery
important .Its profile gives, by means of a complex temperature profile retrieval technique,
the vertical pressuretemperaturerelation, basis of the global atmospheric study. Essential for
this study is the possibility to measure not only Martian radiation , but also space ( 3 K black
body) , a calibration B.B. and a Lambertian screen solar illuminated, measurements allowed
by the presence of a pointing device with one axis of rotation. Consequently the FOV of the
experiment requires an unobstructed field view of 4 deg x 120 deg in a plane roughly
perpendicular to the orbital velocity vector (+- 40 deg are accepted). In thisfield of view both
Nadir and Space directions ( at 90 deg from each other ) should be contained.

PFS will be working around the pericentre of the orbit , with a foothprint that in the
best case is of 10 Km or 20 Km size for the SW and LW channels respectively. Being the
repetition time of the measurements 1 every 7.5 - 10 sec, and the working time being + - 0.5
hour around pericentre, a total of more than 480 measurements per orbit will be acquired
corresponding to 1 680 measurements per day for a 6.5 hours orbit .Compression of data on
board is achieved in several ways ( for example by computing the FFT of the interferogram
on board ) in order to comply with the possible data to ground transmission. We produce 540
x 40 000 bytes = 176.9 M egabitsincluding 25 % houskeeping and autotest and calibrations. In
the 80 minutes of data taking , the atmospheric measurementswill be made at high altitude,
because atmospheric studies do not need high space resolution, while surface oriented
measurements will be taken closer to pericenter, where higher space resolution can be




PFSfor MarsExpress MEX.CNR.IQAR 02 P.l. Vittorio Formisano

15/November/2001 Page 43 CNRIFS

achieved.. An important requirement of PFSisthat we need to measure at all local timesin
order to havethe atmospheric vertical temperature profilesalso in the night side.

No Fourier spectrometer has ever been flown around Marsor around the Earth covering the
wavelength range 1 to 5 microns.

The team has concluded that the model available ( called PFS07) can be used as EM/QM
model, but should not be used as flight model , as the degradation with time of the many
coatings over the optical elements, and the degradation of the hygroscopic optical material

( Cdl for the beam splitter ) would not ensur e usthe achievement of the scientific objectives.

8- SCIENCE DATA REDUCTION.

8.1- Data Structure.

PFSdata will beof 3kinds, i.e.: housekeeping, autonomoustest , science data.

= Housekeeping data will give information about the status of the experiment, and will
always accompany the scientific data, being essentially an header of the data. ( see Part 111
of the proposal for mor e detailed information.).

= Autonomoustest data: thisisa special test on the experiment, to be performed before and
after each scientific session , and therefore at least 2 times per orbit. In the autonomous test
the performance of the experiment is being studied, with particular attention to the laser
diode light, the speed controller and the Module O in general.

= Science Data : They contain interferograms or spectra ( depending on the mode of data
transmission ) of thein flight calibration sources or of Mars or of Space. These calibration
data are taken at least once per orbit , asthey are necessary for the real interpretation of
the Martian data. Each measurement will have a header containing not only housekeeping
information, but also information about the format of each data set , therefore about the
length of therecord.

8.2- DATA ANALYSIS.

The PFS instrument can collect about 144 Mbits of information per orbit. The scientific
obj ectives addressed by the experiment are described in the Proposal Doc. |. They are closely
coupled one another ,which makes the retrieval of the physical parameters of the Martian
atmosphere from the spectra a complex and challenging task. Thisrequires development of a
special software package for data processing and interpretation. This software should be
flexible to take into account various conditions of observations and quick enough to provide
theretrieval of main portion of the scientific resultsalmost in real time. The softwar e package
will beajoint effort of all Co-Investigatorsinvolved in the PFS experiment. Threelevelsof the
softwar e can be distinguished in the package. Each level hasits own tasks and is supposed to
be used at different stages of data analysis. Below we describe the proposed structure of the
softwarefor the data processing and inter pretation.

Level 1 Software prepares the absolute calibrated PFS spectra from the raw data blocks. In
mor e detail it will fulfil thefollowing tasks:

? raw data decompression, evaluation and cleaning;

? Fourier transformation of interferogrammsinto spectr a;
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? calculation of the absolute spectra of Mars using observations of the planet, calibration
tar gets and space;

? auxiliary calculations of the geometry of observations,

? visualisation of the spectra, houskeeping information and geometry of observations,

This part of data reduction procedure will extensively use the experience gained during the

laboratory calibration of the instrument as well as results of numerical modelling of PFS

behavior. The final result of the Level 1 software will be the database with absolute PFS

spectra supplied with the necessary houskeeping data.

Level 2 Software is dedicated to the retrieval of physical parameters of the Martian
atmosphere from a single PFS spectrum. This package will comprise the software to achieve
the following scientific goals:

? temperatureretrievalsusing several methods;

surface pressure deter mination;

determination of the abundance of atmospheric trace gases;

estimation of the water vapour vertical profile;

estimation of the aerosol optical depth;

? qualitative and quantitative analysis of surface composition.

This part of the software is supposed to be a package of fortran subroutinesthat would givea
capability of interactive control over the whole retrieval procedure. Most of the scientific
goals mentioned above require numer ous calculations of the synthetic spectra of Mars in the
bands of atmospheric gases. It is a time-consuming problem. In ader to be able to quickly
analyse the spectra we plan to use fast and accurate algorithms of line-by-line calculations of
the atmospheric transmittance (Titov and Haus, 1997).

Level 2 Software has partially been developed already, and will be studied even further over
the years with the IRIS data from Mariner 9. It is evident that , together with Level 1
Softwarewill beready beforeyear 2004 , when Mars Expresswill reach the Red Planet.

NN ) N

Level 3 Software solves more advanced scientific problems that require the data from
several PFS spectra or orbits, or even that needsthejoint analysis of the PFS data with those
of the other experiments onboard the spacecraft such as OMEGA and HRSC. For instance,
such scientific tasks as calculation of the radiative balance or derivation of the thermal wind
field from the retrieved temperature structure of the atmosphere can be addressed by this
software. The parts of this software will be developed by different Co-Is and will work
independently. The data analysis at this step cannot be done in real time of data acquisition.
In general, one cannot exclude that theresultsobtained at this stage will have the «backwar d»
influence on the results obtained on Level 2. For example, the improvement of our knowledge
of aerosol content from the joint interpretation of PFS and HRSC observations would result
in the improvement of temperature profile retrievals. In this case the iterations which
include Level 2 and partially Level 3 softwarewill be needed.

Some parts of the softwar e described above wer e developed and tested during the preparation
for the Mars-96 mission. Test runs of the available parts of the software show that it can
successfully work on common PC’s. However, some parts of the Level 3 software will
probably require mor e power ful computers.




