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Introduction: The Venus Emissivity Mapper is the
first flight instrument designed to focus on mapping
the surface of Venus using atmospheric windows
around 1 pm. After several years of development,
VEM has a mature design with an existing laboratory
prototype verifying an achievable instrument SNR of
well above 1000, as well as predicted error in retrieval
of relative emissivity of better than 1%, assuming the
availability of an improved Venus topography.

It will provide a global map of rock type, iron con-
tents and redox state of the surface by observing the
surface with six narrow band filters, ranging from 0.86
to 1.18 um. Three additional windows allow correc-
tions for cloud composition and variability, two meas-
ure water abundance, and three compensate for stray
light. Continuous observation of Venus’ thermal emis-
sion will also place tighter constraints on current day
volcanic activity. Eight of the channels provide meas-
urements of atmospheric water vapor abundance as
well as cloud microphysics and dynamics and permit
accurate correction of atmospheric interference on the
surface data. Combining VEM with a high-resolution
radar mapper, such as on the ESA EnVision or NASA
VERITAS mission proposals, will provide key insights
into the divergent evolution of Venus and Earth.

VEM Design: The VEM system design, discussed
in detailed in [1, 2], is a pushbroom multispectral im-
aging system. It leverages a proven measurement tech-
nique pioneered by VIRTIS on Venus Express (VEX)
[3-10], but it incorporates lessons learned from
VIRTIS to achieve greatly improved sensitivity and
spectral and spatial coverage:
¢ a filter array (rather than a grating) provides wave-

length stability (band-center and width-scatter)
~5x% more stable and maximizes signal to the fo-
cal-plane array (FPA), and

¢ first coverage of the spectral windows below 1um,

* a two-stage baffle decreases scattered light and im-
proves sensitivity,

* use of an InGaAs detector with an integrated thermal
electric cooler (TEC) eliminates the need for cry-
ogenic cooling.

VEM'’s design draws strongly on DLR’s BepiColombo

MERTIS instrument (launching in 2018). This design

maturity, combined with a standard camera optical

design, leads to low development risk.

A first performance evaluation of the VEM pro-
totype used two Venus analog samples heated to Ve-
nus surface temperatures [2]. The retrieved emissivities

match the laboratory values, and the uncertainty for a
single unbinned exposure is <0.35%. VEM uses
onboard software developed for MERTIS to bin, co-
add, and losslessly compress data upon uplink com-
mand. During the science orbits, VEM oversamples at
10 km spatial resolution (33%x33 pixel binning). To
further enhance SNR, VEM uses digitial TDI to pro-
vide 189x gain over single-pixel SNR. Using current
performance of the laboratory prototype for a single
unbinned exposure and SNR enhancement due to
onboard processing, we expect a system SNR of well

beyond 1000.

VEM atmospheric correction: Methodology for
retrieving surface emissivity is complex but well un-
derstood and demonstrated. To distinguish between
surface and atmospheric contributions, VEM uses an
updated version of the extensively tested pipeline de-
veloped to process VIRTIS data [5], combined with a
radiative transfer model (RTM) [11-14]. Surface emis-
sivity retrieval techniques were developed based on
Galileo NIMS observations at 1700, 1800 and 2300 nm
[15]. VEM cloud bands occur at 1195, 1310, and
1510 nm [16], the first on the flank of the 1180-nm
surface windows [17]. VEM’s cloud bands are close to
surface bands, providing near-optimal correction.

Conclusion: VEM builds on recent advances in the

laboratory analog spectroscopy at PSL at DLR [1, 18].
It is the first flight instrument specially designed to
focus on mapping the surface of Venus using the at-
mospheric windows around 1 pm. VEM has a mature
design with an existing laboratory prototype verifying
an achievable instrument SNR of well above 1000 as
well as a predicted error in the retrieval of relative
emissivity of better than 1%.
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