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The Venus Emissivity Mapper (VEM) Concept 

Asteroids 

The VEM Concept 

Based on experience gained from using the VIRTIS instrument on VenusExpress to observe the surface of Venus and the new high 
temperature laboratory experiments, we have developed the multi-spectral Venus Emissivity Mapper (VEM) to study the surface of Venus. VEM 
imposes minimal requirements on the spacecraft and mission design and can therefore be added to any future Venus mission. Ideally, VEM is 
combined with a high-resolution radar mapper to provide accurate topographic information, as on the VERITAS mission (#2439, #1965). 

The permanent cloud cover of Venus prohibits observation of the surface with traditional imaging techniques over most of the visible spectral 
range. Fortunately, Venus' CO2 atmosphere is transparent in several small spectral windows near 1 µm. Ground observers have successfully used 
these windows during the flyby of the Galileo mission at Jupiter and most recently for the VMC and VIRTIS instruments on the ESA Venus Express 
spacecraft. Observations have revealed compositional variations correlated with geological features, but existing data sets contain only a few 
channels. VEM offers an opportunity to gain significant information about surface mineralogy by virtue of having five different channels for surface 
observations in the wavelength range where important silicate and oxide features occur.  

VEM is focused mainly on observing the surface, mapping in all near-IR atmospheric windows using filters with spectral characteristics 
optimized for the wavelengths and widths of those windows. It also observes bands needed to correct for atmospheric effects; these bands also 
provide valuable scientific data on cloud thickness, cloud opacity variations, and H2O abundance variations in the lowest 15 km of the atmosphere. 

Before thermal 
processing 

VEM is built in a monoblock configuration 
inspired by the MERTIS design. A baffle 
protects VEM from scattered light. Telecentric 
optics image the scene onto the filter array. 
This image is relayed by a two-lens objective 
onto the detector. The field of view (FOV) of 
the optics is 45º, yielding a swath width of 150 
km at an altitude of 215 km to provide 
comprehensive sampling of the surface 
emissivity and repeat coverage between 
tracks.  

Current design status of VEM 

A first VEM pre-development model 

Filters on the VEM compared against a synthetic 
Venus night side spectrum (dashed envelope) from 
Wilson et al. 2009). Red are surface bands, blue 
bands for cloud correction, green stray light 
correction and yellow bands to detect water vapor  
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Flying two VEM instruments would 
provide block redundancy and increase 
the number of looks and thereby the data 
quality. Most importantly, it would allow 
temporarily continous monitoring for 
volcanic activity. 

ACCOMMODATION ITEM VALUE 

CBE Mass (kg) 5.4 

CBE Power (W) 15 

Unobstructed FOV 45º 

Electronics Interface Space wire 

Data rate 190 kbps 

KEY PARAMETER CAPABILITY 
FOV / Swath width 45º / 150 km 
Ground resolution 50 km 
Cloud-top resolution 10 km 
Spectral bands 14 
Spectral range 0.80– 1.5µm 
Spectral bandwidth 
(per band) 

<15 nm 

SNR (17x40 pixel 
binning) 

>1000 

•  VEM is a pushbroom multispectral imaging 
system, implementing several lessons learned 
from VIRTIS on Venus Express. 

•  VEM uses an InGaAs detector that requires 
no cryogenic cooling.  

•  To split the light into several bands, VEM uses 
a multilayered dielectric-coating ultranarrow-
band filter array instead of a grating to 
maximize the signal to the detector and 
guarantee stability of the wavelength 
calibration. 

•  VEM has no moving parts further increasing 
the long term reliability. 

VEM capabilities significantly exceed 
the requirements 

To distinguish between surface and 
atmospheric contributions to the observed 
radiances, VEM uses an updated version of 
the extensively tested data pipeline developed 
to process VIRTIS surface data (Mueller et al. 
2008 and #2260). In parallel, we are currently 
creating a database of Venus analog samples 
measured at Venus surface temperatures in 
the Planetary Spectroscopy Laboratory at the 
DLR (#1913 and 1986). 

VEM data processing 

VEM filter selection 

Measurement of emissivity at 0.85 µm of a 
komatiite sample and a calibration target at 
480°C. Retrieved emissivity was 0.85 with a still 
a significant error bar. 

First  pre-development model of VEM using 
a filter wheel instead of a filter array 


