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Interplanetary missions instruments for
infrared survey of planets and moons

S.A. Stankevich

Scientific Centre for Aerospace Research of the Earth, National Academy of Sciences of Ukraine, Kiev

The role, objectives and applications of operating and future space missions for infrared remote sensing of planets and
moons are discussed. The review of on-board instruments for infrared survey of planets and moons is presented. The
main development trends of on-board instruments for infrared remote sensing of planets and moons were analyzed.

AIMAPATYPA MIXITJIAHETHHX MICIH [JIS IH®PAYEPBOHOI 3HOMKH ITJIAHET I CY¥ITYTHHKIB, Cmanke-
suu C.A. — Ob6eosoproromocs porv, yiri i 3a0aui dirouux i matibymHix KOCMivHux miciti OAs iH@pauepsoHoeo ducman-
yitinoeo sondysanHs naavem i cynymuukis. [Ipedcmasieno oeand 6opmosoi anapamypu 0as iHpaweps8oHoi 3tiomKu
naanem i cynymuukis. Ilpoananizo8ano ocHOBHI Hanpsamu po3sumky 6opmosux cucmem iHgpauiep8oHoeo OucmaHuyiii-
HO020 30HOYBAHHS NAGHEM [ CYNYMHUKIB.

AMMTAPATYPA MEXITJAHETHBIX MHCCHH JJI5 HHOPAKPACHOH CBEMKH ITJIAHET H CITYTHHKOB, Cman-
kesuu C.A. — Obcymcdaromes poav, ueau u 3adauu Oeticmsyoujux u OyOyujux Kocmuuweckux muccutl Ois uxgpa-
KpacHo20 OuCMaHyUOHHOe0 30HOUpOoBanus niavem u cnymruukos. I[Ipedcmasaen 063op 6opmosoti annapamypel OAs
UHPPAKPACHOL CBEMKU NAQHEm U CnymHUKo8. [Ipoanaiusuposano. 0OCHOBHbLE HANPABACHUSL PA3BUMUsL BOPMOBbLY CU-
cmem UHGPAKPACHO20 OUCMAHYUUOHHO20 30HOUPOBAHUSL NAAHEM U CRYMHUKOS.

KuroueBble cjioBa: MexXIaHeTHAasi MUCCHsl; MH(ppPaKpacHOe NUCTAHIMOHHOE 30HIMPOBaHHe; ChEMOYHAsS aNnaparypa;
KapTHPOBaHHe TeMIepaTypbl OBEPXHOCTH.

Key words: interplanetary mission; infrared remote sensing; imaging instrument; surface temperature mapping.

Remote sensing in infrared spectral range (0,8 um - 1 mm) is quite important for studies of planets
and moons in solar system. Especially important is the high resolution extra-atmospheric infrared imaging,
which is performed from interplanetary spacecraft and orbital probes. That is why all modern interplanetary
research missions must include instruments for infrared imaging.

Infrared remote sensing is very important for understanding the evolution of planets and moons, for
development and verification of geological and physical models, for minerals mapping, for surface temperature
distribution analysis, for the study of atmosphere composition and planetary climate, for anomaly objects
detection and recognition.

All of these tasks are accomplished using the on-board instruments for infrared measurements. These
devices have gone a long way of improvements, and now ones are, as a rule, precision imaging spectrometers
based on different types of photodetectors for inirared radiation. Continuous progress in semiconductor
manufacturing technologies and microelectronics makes it possible to create new infrared instruments with
enhanced performance, reduced weight and power consumption.

The main specifications of infrared survey instruments are the number and location of working bands in
infrared spectrum, provided spatial resolution, selected type of infrared photodetector and design features.
Table 1 below summarizes main specifications of advanced infrared instruments for current and future inter-
planetary research missions in solar system. Table lists the infrared instruments of 20 missions to planets
and moons in solar system. Following these missions are discussed a bit more detail.

The MESSENGER mission (NASA, 2004-2015) is intended for a comprehensive study of Mercury.
In particular, MESSENGER carries high-resolution visible-infrared spectrograph VIRS for measuring the
composition and structure of Mercury surface reflectance [14]. In 2015 MESSENGER orbiter ended its
mission near Mercury and crashed into the planet.

The ESA mission BepiColombo, to be launched in 2017 will explore the planet from a short distance. The
spacecraft houses a state of the art mid-infrared spectrometer. MERTIS is the first thermal imaging dispersive
spectrometer for planetary deep space missions and the first thermal infrared imaging spectrometry for a
mission to Mercury. The scientific goal of MERTIS is to provide detailed information about the mineralogical
composition of Mercury’s surface layer by measuring the spectral emittance of different locations in the
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spectral range from 7-14 pum. Knowledge of mineralogical composition is crucial for choosing the best of
several competing theories, and thus for selecting the valid model for origin and evolution of the planet [3].

The Venus Express mission (ESA, 2005-2014) was aimed to perform a global investigation of the Venusian
atmosphere, including infrared sounding using planetary Fourier spectrometer PFS and visible/near-infrared
mapping spectrometer VIRTIS. The VIRTIS allows the systematic mapping of the surface and of the
near-surface atmosphere of Venus in the near infrared bands. The main topics for VIRTIS science observa-
tions are study of the lower atmosphere composition, study of the cloud structure and scattering properties,
measurements of the temperature field [24]. Also, the VIRTIS instrument provided an emissivity hotspots
detection and mapping, which may be occurrence of recent volcanism on Venus [25].

Akatsuki, which is the first Japanese Venus orbiter, aims at understanding the atmospheric dynamics and
cloud physics of Venus. Akatsuki maps clouds, minor constituents successively and thermal emission using
among them three infrared cameras — near, mid, and long-wave ones [13].

SMART-1 (Sweden-ESA, 2003-2006) is the first European mission to visit the Moon. During orbiting
around the Moon it makes lunar science. One of the scientific tasks is spectroscopic measurements of rocks
to provide minerals identification. The SIR instrument, near-infrared grating spectrometer, performs mineral
absorption bands registration between 0,7 and 3,0 micron [20].

Chandrayaan-1, the polar Lunar orbiter mission of Indian Space Research Organization, successfully
carried out study of Moon’s environment and surface processes for a period of about nine months during
2008-2009. The on-board infrared hyperspectral sensor M3 with capability of spectral measurements from 0,4
to 3 pm, could detect various constituents present at the lunar surface and intended for mineral mapping [14].

DLRE on NASA’s Lunar Reconnaissance Orbiter (in operation from 2009) is a nine-band pushbroom
infrared radiometer designed for characterizing the Moon’s thermal environment, mapping lunar surface
properties and investigating polar cold traps [22].

The Thermal Emission Spectrometer (TES) investigation on Mars Global Surveyor (NASA, 1996-2006)
is aimed at determining the composition of surface minerals, rocks, and ices; the temperature and dynamics
of the atmosphere; the properties of the atmospheric aerosols and clouds; the nature of the polar regions; and
the thermophysical properties of the surface materials [9].

The THEMIS instrument on Mars Odyssey probe (NASA, 2001, in operation) intended for investigation
the surface mineralogy and physical properties of Mars using multispectral thermal-infrared imagery in nine
spectral bands centered from 6,8 to 14,9 um, and visible/near-infrared imagery in five spectral bands centered
from 0,42 to 0,86 ym. THEMIS will map the entire planet in both day and night by multi-spectral infrared
images at 100 m per pixel resolution [10].

The OMEGA IR Mineralogical Mapping Spectrometer on Mars Express probe (ESA mission, 2003, in
operation) determines the mineral content of the Martian surface and the molecular composition of the atmo-
sphere by analyzing sunlight reflected from the surface and diffused through the atmosphere. It also performs
similar analyses on heat radiation emitted from the surface. Information from OMEGA will contribute to our
understanding of the structure of the Martian landscape and the role played by water over timescales ranging
from seasons to billions of years [6].

The MRO (NASA, 2005 in operation) mission’s primary objectives are to characterize seasonal variations
in dust and ice aerosols and water content of surface materials, to search for evidence of aqueous and/or
hydrothermal activity, and to map and characterize the composition, geology, and stratigraphy of surface
deposits. The MRO’s CRISM conducts hyperspectral imaging investigations to characterize Martian geology,
climate, and environments of present or past life [21].

The Mars Orbiter Mission (MOM) is the first interplanetary mission of India (ISRO, 2013, in operation).
The scientific objectives include exploration of Mars surface features, morphology, mineralogy and Martian
atmosphere by TIR Imaging Spectrometer (TIS) instrument [5].

Rosetta, the Solar System cornerstone mission of ESA (2004, in operation), consists of an orbiter and
a lander for the comet 67P/Churyumov—-Gerasimenko exploration. VIRTIS is part of the scientific payload
of the Rosetta Orbiter intended to detect and characterize the evolution of specific signatures — such as the
typical spectral bands of minerals and molecules. The identification of spectral features is a primary goal of
the Rosetta mission [11].

Dawn is the NASA interplanetary mission that orbit two massive main belt asteroids Vesta and Ceres.
The Dawn mapping spectrometer (VIR) is a modification of the VIRTIS mapping spectrometer on board the
ESA Rosetta mission. VIR is intended to map the compositions of Vesta and Ceres with a spatial resolution
of a few tens of meters for determination of the mineral composition and spatial distribution of the various
surface materials [12].

The Near-Infrared Mapping Spectrometer (NIMS) experiment on the Galileo orbiter spacecraft (NASA,
1989-2003) represents a combination of imaging and spectroscopic methods for asteroids, Jupiter atmosphere,
and Jovian satellites surface materials identification and mapping [8]. The NIMS instrument aboard Galileo
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Fig. 2. Inirared mapping data of the Venus southern hemi- Fig. 3. High-emissivity anomaly at Idunn Mons region of
sphere (Venus Express/VIRTIS, July 14, 2009) Venus (Venus Express/VIRTIS, averaged over 1,5 Earth
years)

detected hot spots on the Jovian moon lo surface, which were not previously known to be volcanically active
areas [19].

The Jovian Infrared Auroral Mapper (JIRAM) has been included in the New Frontiers mission Juno
(NASA, 2011, in operation). JIRAM will explore the dynamics and the chemistry of Jupiter’s auroral regions
by high-contrast imaging and spectroscopy. It will also analyze Jovian hot spots to determine their vertical
structure and infer possible mechanisms for their formation [1].

The MAJIS instrument is an imaging spectrometer on board the JUICE mission (ESA, 2022 planned)
and it is perfectly suitable to obtain a comprehensive data about the Jupiter system including the Jupiter’s
atmosphere as well as the surfaces of Galilean satellites [18].

The Europa Clipper mission (NASA, 2021 planned) could meet the science requirements and engineer-
ing challenges to fly to Jupiter system and its moon Europa observing by short-wave infrared spectrometer
28 Stankevich S.A.
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tsuki/LIR, May 21, 2010) (SMART-1/SIR, August 17, 2006)

Mercury

l— Lcross

Blue = water absorption strength

Red = Hydroxyl absorption
Fig. 6. Water-rich materials encircle the lunar crater on the away  Fig. 7. Surface temperature map of the south polar
side of the Moon (Chandrayaan-1/M3, September 24, 2009) region of the Moon (LRO/DLRE, October 21, 2010)

. %o e
4 i 4}» *old A R0,
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crater on Mars (Mars Odyssey/THEMIS, mosaic

2005)

SWIRS. The main science goal for the proposed mission is to explore Europa to investigate its habitabil-
ity [23].

The Composite Infrared Spectrometer (CIRS) is a major science instrument aboard NASA-ESA
Cassini—-Huygens mission (1997, in operation) to Saturn. It measures the thermal infrared radiation from Sat-
urn, its rings and its moons, especially Titan, in order to study their thermal structure and composition [16].
The Visual and Infrared Mapping Spectrometer (VIMS) is a state-of-the-art, imaging spectrometer that spans
the 0,3-5,1 pm wavelength range. The addition of data of relatively high-spatial resolution, but of modest
spectral resolution, to a data set of high spectral resolution and modest spatial resolution results in synergistic
scientific advances well beyond those which could be accomplished using either data set separately [7]. The
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Fig. 14. Jupiter’s moon Europa coverage (Galileo/NIMS, April 1997)

overall objectives of CIRS and VIMS are to investigate Saturn and Titan ongoing chemical and dynamical
processes in a diverse range of planetary and satellite atmospheres, and determine constraints on planetary
formation processes and evolutionary histories.

Voyager-2 and Voyager-1 missions (NASA, 1977-2011, in hibernation until 2017) were launched forty
years ago. They continue to return information from distances more than 120 AU. During their first dozen
years of flight, the Voyagers made detailed explorations of Jupiter, Saturn, and their moons, and conducted
the first explorations of Uranus and Neptune. The main imaging instruments of Voyager are the narrow/wide
angle camera as well as ultraviolet UVS and infrared IRIS spectrometers [15].

Thus, the available instruments for orbital infrared imaging of planets and moons allow to conduct detailed
studies of the surface mineralogy, to contribute a better understanding of planetary genesis, to provide global,
high-resolution, infrared spectral and temperature data about bodies surface and atmosphere.

30 Stankevich S.A.




Fig. 15. Lower atmosphere of the Saturn’s largest  Fig. 16. Kraken Mare, south of Titan’s largest sea (Cassini/
moon, Titan (Cassini/CIRS, October 25, 2004) VIMS, August 21, 2014)

Fig. 17. Uranus planet (Voyager-2/IRIS, 1986) Fig. 18. Neptune planet (Voyager-2/IRIS, 1989)

At moment the main development trends of on-board instruments for infrared remote sensing of planets
and moons are: gradual transition to uncooled microbolometer detectors of infrared radiation; the capability
to control the field of view depending on the current challenges; the spectral range extension in the long-wave
infrared region from 14-16 um up to 50-100 pm; the substantial resolution enhancement, both spatial and
spectral; the reducing in size, mass, and power consumption; the higher level of integration; the robust
and reliable thermo-mechanical/thermo-electrical properties to survive strong vibrations, thermal stress, and
extreme solar radiation fluxes; qualified onboard software solutions in accordance with different observation
modes and onboard calibration procedures [2, 17].
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