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Abstract 
Interpretation of mineralogy using VNIR spectroscopy 
data from orbiters requires spectral libraries acquired un-
der conditions matching those on the surfaces being stud-
ied. Recent advances in high-temperature laboratory 
spectroscopy at the Planetary Spectroscopy Laboratory at 
DLR provide the necessary data and enable novel instru-
ments like the Venus Emissvity Mapper. 

The instrument is currently on the payload of the ESA 
EnVision proposal as the VenSpec-M channel in the Ven-
Spec spectrometer suite. It is also part of the VERITAS 
mission proposal for the NASA Discovery call. 

Combining VEM with a high-resolution radar mapper 
will provide key insights into the divergent evolution of 
Venus and Earth. Flying VEM on more than one mission 
will enable a long timeline of monitoring for volcanic ac-
tivity on Venus. Combined with the existing VenusEx-
press data [1-3], VEM enables detection and mapping of 
surface changes over decades. 

1. Introduction 
Many efforts have been made since Venera 9 and 10 [1] 
to obtain optical spectra of Venus analog materials at rel-
evant temperatures. [2] provided a first set of reflectance 
measurements of basaltic materials in the spectral range 
of 0.4 to 0.8 µm. Since then, efforts to extend these meas-
urements to longer wavelengths have stalled.  

It was commonly accepted that compositional data could 
only be obtained by landed missions because Venus’ per-
manent cloud cover prohibits observation of the surface 
with traditional imaging techniques over most of the vis-
ible spectral range. Fortuitously, Venus' CO2 atmosphere 
is actually partly transparent in small spectral windows 
near 1 µm. These windows have been used to obtain lim-
ited spectra of Venus’ surface by ground observers, dur-
ing a flyby of the Galileo mission at Jupiter, and from the 
VMC and VIRTIS instruments on the ESA VenusExpress 
spacecraft. In particular, the latter observations have re-
vealed compositional variations correlated with geologi-
cal features [3-8]. 

These observations challenge the notion that landed mis-
sions are needed to obtain mineralogical information. 

However, any interpretation in terms of mineralogy of 
VNIR spectroscopy data from orbiters requires spectral 
libraries acquired under conditions matching those on the 
surfaces being studied.  

2. Venus facility at PSL 
The Planetary Spectroscopy Laboratory (PSL) at DLR 
took up this challenge, building on nearly a decade of ex-
perience in high temperature emission spectroscopy in the 
mid-infrared [9-11]. After several years of development 
and extensive testing, PSL is now in routine operation for 
Venus-analog emissivity measurements from 0.7 to 1.5 
µm, the whole  surface temperature range. 

PSL has begun a database of Venus analog spectra includ-
ing measurements of rock and mineral samples covering 
a range from felsic to mafic rock and mineral samples 
[12]. This first set already shows the potential for map-
ping of Venus mineralogy and chemistry in situ from or-
bit with six-window VNIR spectroscopy [13-15]. 

The Venus facility at PSL is open to the community 
through the Europlanet Research Infrastructure 
(http://www.europlanet-2020-ri.eu/).  

3. Venus Emissivity Mapper (VEM) 
This instrument can provide a global map of rock type 
from orbit, assessing iron contents and the redox state of 
the surface by observing the surface with six narrow band 

 
Figure 1: High temperature emissivity spectra of rock types 
covering some of the expecting range of surface composi-
tions on Venus 
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filters, ranging from 0.86 to 1.18 µm. Three additional 
windows allow corrections for cloud composition and 
variability, two measure water abundance, and three com-
pensate for stray light. Continuous observation of Venus’ 
thermal emission will also place tighter constraints on 
current volcanic activity. Eight channels provide meas-
urements of atmospheric water vapor abundance as well 
as cloud microphysics and dynamics, permitting accurate 
correction of atmospheric interference on surface data. 

4. VEM Design 

The VEM system design, discussed in details in [4-6], is 
a pushbroom multispectral imaging system. It leverages a 
proven measurement technique pioneered by VIRTIS on 
Venus Express (VEX) [1-3, 7-11]. It also 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) ~5× 
more stable and maximizes signal to the focal-plane ar-
ray (FPA). 

• Spectral windows below 1µm are covered for the first 
time. 

• 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 cryogenic 
cooling.  

VEM design draws on DLR’s BepiColombo MERTIS in-
strument (launched and successfully commissioned in 
2018). With this design maturity, combined with a stand-
ard camera optical design, development risk is low. 

Methodology for retrieving surface emissivity is complex 
but well understood and demonstrated. To distinguish be-
tween surface and atmospheric contributions, VEM uses 
an updated version of the extensively tested pipeline de-
veloped to process VIRTIS data [2], combined with a ra-
diative transfer model (RTM) [12-15]. Surface emissivity 

retrieval techniques were developed based on Galileo 
NIMS observations at 1700, 1800 and 2300 nm [16]. 
VEM cloud bands occur at 1195, 1310, and 1510 nm [17], 
the first on the flank of the 1180-nm surface windows 
[18]. VEM’s cloud bands are close to surface bands, 
providing near-optimal correction. Only relative emissiv-
ity measurements are needed to calculate the spectral 
slope to meet our surface emissivity requirements [4]. We 
do not have a requirement on the accuracy of the retrieved 
emissivity. However, we can now tie an emissivity re-
trieval to in situ measurements to assess accuracy. For 
this comparison, the Venera 9 and 10 landing sites [19] 
(not observed by VIRTIS) will be observed by VEM both 
on EnVision and on VERITAS.  

VEM observes each spot on the surface multiple 
times. Therefore both atmospheric and instrument noise 
are reduced by averaging image swaths acquired at dif-
ferent times. Applying the updated analysis of atmos-
pheric error for VEM parameters [14] and taking multi-
ple-look averaging into account, our capability for emis-
sivity precision is better than 1.5% for all bands and better 
than 1% in most bands. 

5. Conclusions 

Venus is the only terrestrial planet for which we do not 
have a global map of the surface compostion. The Venus 
Emissvity Mapper will provide this much needed dataset, 
yielding new insights in comparative planetology of ter-
restrial planets in our solar system and beyond. 
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Figure 2 VEM laboratory prototype incl. COTS version of 
flight detector, optics with radiation hard lenses and proto-
type filter array (top cover removed for display) 


