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Introduction:  BepiColombo [1] is a dual spacecraft 

mission to Mercury to be launched in October 2018 and 
carried out jointly between the European Space Agency 
(ESA) and the Japanese Aerospace Exploration Agency 
(JAXA). BepiColombo uses a solar electric propulsion 
system. The trajectory is a combination of low-thrust 
arcs and flybys at Earth (1), Venus (2), and Mercury (5) 
and will be used to reach Mercury with low relative 
velocity. Before arriving at Mercury, BepiColombo will 
perform Venus flybys in 2019 and 2020.  

The MERTIS instrument [2, 3, 4] will obtain 
observations of Venus in the spectral range from 7-
14µm. This range is highly sensitive for studies of 
Venusian atmosphere. This includes analyses of the 15-
µm CO2 band short wavelength flank as well as 
analyses of aerosol properties below 10 µm. These 
measurements will be the first spectrally resolved 
observations in this spectral range since the Venera 15 
mission in 1983. The Venera 15 dataset has recently 
been archived at DLR and will allow a direct 
comparison to the MERTIS observations. 

In addition, MERTIS will acquire data of ”Venus as 
an Exoplant”, observing the planet from the distance 
with sub-pixel resolution. MERTIS will obtain time 
series of spectra that will be analyzed to test retrieval 
algorithms commonly used for determining the (cloud) 

rotation period as well as information about the cloud 
structure. 

Observational constraints: BepiColombo was 
launched by an Ariane 5 from the ESA launch facility 
in Kourou (French Guyana) in October 2018. The ESA 
Mercury Planetary Orbiter (MPO) and the JAXA 
Mercury Magnetospheric orbiter were launched in a 
composite with a propulsion element - the Mercury 
Transfer Module (MTM) and a sunshade cone (MOSIF) 
to protect the MMO (see Figure 1). 

In this configuration the nadir (z-axis) of the 
spacecraft points towards the MTM. Therefore, most 
instruments cannot operate during cruise. However, the 
MERTIS instrument has a viewport through the radiator 
which in nominal operations is used for deep space 
calibration. During the Venus flyby this port will be 
used for the observations. It has already been used 
successfully to perform observations of the Moon on 
April 9, 2020. 

The MERTIS instrument: MERTIS (Figure 2) 
combines a push-broom IR grating spectrometer (TIS) 
with a radiometer (TIR). TIS operates between 7 and 14 
µm and will record the day-side emissivity spectra from 
Mercury, whereas TIR is going to measure the surface 
temperature at day- and night side in spectral range from 
7-40 µm corresponding to temperatures from 80-700 K. 
TIR is implemented by an in-plane separation 
arrangement. TIS is an imaging spectrometer with an 
uncooled micro-bolometer array. The optical design of 

 
Figure 1 Rendering of the BepiColombo stack 
seen from top with MMO in the MOSIF, below 
that the MPO and the MTM 

 
Figure 2 MERTIS flight model with spaceport 
in front and planet baffle to the right 
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MERTIS combines a three mirror anastigmat (TMA) 
with a modified Offner grating spectrometer. A pointing 
device allows viewing the planet (planet-baffle), deep 
space (space-baffle), and two black bodies at 300 K and 
700 K temperature, respectively. During the Venus 
flybys we will use the deep space view for Venus 
observations and obtain deep space observations before 
the flybys. 

Flyby operations for MERTIS: The spacecraft 
approaches the planet from the solar direction, over the 
dayside. The closest approach (CA) occurs above the 
evening terminator of the planet (Fig. 3), and then the 
spacecraft moves away from the planet to the anti-solar 
direction, over the night side. MERTIS will observe the 
planet from about 48h out until about 20h out. In this 
time the apparent size of Venus will increase from 
slightly larger than on MERTIS TIS pixel (0.7 mrad) to 
more than 1 degree. From about 8 h outuUp to ~50 min 
before CA, MERTIS performs close-up dayside 
observations from late morning to late afternoon via 
noon time on Venus at low latitudes of the southern 
hemisphere. Due to the 100% cloud cover on the planet, 
most of thermal emissions are corresponding to 
temperatures at the upper cloud level atmosphere (60-
70 km) [5]. The shorter wavelength edge of the 15-µm 
CO2 band covered by TIS/MERTIS will be useful to 
retrieve temperature profiles from the cloud tops to 
slightly above using the inversion methods of radiative 
transfer. Simultaneous cloud top structures and SO2 gas 
abundances above the clouds can be estimated from the 
observed spectra over the 7-14 µm range of 
TIS/MERTIS. This spectral range observation from 

space is the first time after Venera missions in 1980s 
[6,7,8]. 
Venus observing campaign: International 
collaboration on Venus observations are under way 
during the flybys of BepiColombo (ESA-JAXA), on its 
way to Mercury. The collaborative observations have 
been planned between BepiColombo and the operating 
Venus orbiter, Akatsuki (JAXA), during the cruise and 
the 2 times of Venus flybys on 2020 October 15 and 
2021 August 10. This represents unique Venus 
observation opportunities, perhaps in coming decades, 
to be coordinated with two spacecraft. More details can 
be found at http://bit.ly/BepiVenus . 

 Conclusions: We will report here on the MERTIS 
observations obtained during the first Venus flyby of 
BepiColombo. MERTIS will obtain valuable data both 
with the spectrometer channel, covering the range from 
7-14 µm in 80 spectral channels, as well as with the 
radiometer channel providing highly accurate 
temperature readings. The MERTIS observations will 
complement the data acquired by Venera 15 and Pioneer 
Venus with a much higher sensitivity. 
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Figure 3 Venus as seen from BepiColombo (left), Akatsuki (center), and Earth (right). The size of Venus is not 
scaled in the figures, but the apparent sizes in degree and arcsec are written in the bottom. Solar phase angle (α, 
degree) and the distance to the center of Venus also indicated. The background Venus is actual images of LIR with 
mountain induced waves 
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