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Introduction  

EnVision is a Venus orbiter mission that will determine 
the nature and current state of geological processes on 
Venus in the present era, measure how those processes 

generate and sustain the inhospitable atmosphere and 
climate of Venus, and piece together the sequence of 
events – the geological history – that led to that current 

state. EnVision builds on the success of the Magellan 
and Venus Express survey missions, adopting an 
holistic but targeted exploration approach, proven 

through decades of experience in Earth Observation and 
the exploration of Mars, to understand how and why 

Venus evolved so differently to Earth. Envision has 
been selected in June 2021 to become the next M-Class 
mission of ESA's Cosmic Vision Programme. 

Venus Express detected several surface infrared 

anomalies indicative of volcanic activity in the modern 
era, and excursions in sulphur dioxide above the clouds, 
similar to those detected decades earlier by Pioneer 

Venus, that may indirectly arise from the release of 
volcanic gases. New insights from Magellan data 
support the notion that Venus may be geologically 

active today but the distribution of landforms on Venus 
is very different to Earth, implying a tectonic regime 

divergent from the oceanic plate tectonics that is the 
dominant expression of internal dynamics on our planet. 
How does the interior drive surface processes – what is 

the dominant tectonic regime on Venus? Is Venus 
analogous with earlier periods in Earth history, or with 
a future post-plate tectonic world? Does the absence of 

plate tectonics inhibit the release of interior water, and 
the recycling carbon dioxide, meaning that Venus was 

always hot and dry, or did the loss of oceans shut down 
a more Earth-like, habitable planet? Venus is the 
essential counterpoint to Earth that will help us 

understand the links between terrestrial planet evolution 
and habitability from our own Earth to terrestrial 
exoplanets everywhere, including those that will be the 

subject of study by the PLATO and ARIEL missions in 
ESA’s Space Science programme. EnVision therefore 

appeals to – and benefits from – a wide community 
ranging from geologists, geophysicists and atmospheric 
scientists suffused in Earth Observation, to astronomers 

seeking to understand terrestrial exoplanets.  

 

 

Figure 1 – EnVision’s. payload instruments integrated 

onto the spacecraft.  

Payload  

 To address these questions, EnVision employs a suite 
of instruments optimised for observations from Venus 

orbit, including an imaging radar for high-resolution 
surface mapping, a sounding radar for discerning the 
geometry of the near subsurface, a multispectral 

infrared camera capturing the composition of surficial 
rocks, and an infrared and ultraviolet spectrometer, 

complemented by radio science experiments, to identify 
the pathways of important volcanogenic gases (water 
vapour, sulphur dioxide, and others) from the lower 

atmosphere up and into the clouds and beyond, and 
precise orbit determination to measure the gravity field 
and probe the deep interior structure of Venus. The 

Figure 1 shows the instrument payload integrated onto 
the spacecraft and the country and organization 

responsible for each payload element. This 
comprehensive, tailor-made combination of tools 
allows us for the first time to probe Venus from its 

clouds to the core, and to drill down from a suite of 
global observations to high resolution snapshots of 
localities on the surface, to understand how processes at 

all scales operate on Venus. 

A Synthetic Aperture Radar, VenSAR, will image pre-
selected regions of interest at a resolution of 30 m/pixel, 
and subregions at 10 m/pixel. An order of magnitude 

better than Magellan and with a better sensitivity, these 
images are the key to understanding geological 

processes from the local to global scale, discriminating 
relationships between units of different age, and 
identifying the changes caused by geological activity. 
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Topographic information at 300 m spatial and 20 m 
vertical resolution across these regions, derived from 

stereo imaging at two different incidence angles, is 
complemented by a global network of altimetry mode 
tracks with a vertical resolution of 2.5 m, providing a far 

better than any previous dataset, essential for resolving 
the geometry of faults, folds and other features, and 

enabling the quantitative analysis of geological 
processes. Surface properties such as roughness will be 
derived from active imaging in both HH and HV 

polarisations – a first for a Venus orbiter - and passive 
radiometry at a range of angles, which also permits the 
detection of surface temperature anomalies. Repeated 

observations and comparisons with Magellan imagery 
allow for the detection of volcanic, tectonic and 

geomorphic changes over periods of months, years and 
decades. 

A Subsurface Sounder, SRS, will characterise the 
vertical structure and stratigraphy of geological units 

including volcanic flows. EnVision is the first mission 
to Venus with a sounding instrument that will perform 
the direct measurement of subsurface features. 

Geological inferences from Magellan data point to a 
range of subsurface structures and geometries that are as 
yet unquantified. The SRS provides a unique 

opportunity to sound the great variety in geologic and 
geomorphic units. It will also provide unprecedented 

information on the surface in terms of roughness, 
composition and permittivity (dielectric) properties at 
wavelengths completely different from those of 

VenSAR, thus allowing a better understanding of the 
surface properties. SRS observation will also result in 
altimetry measurements by providing low-resolution 

profiles of the topography that can be integrated with 
the altimetric data of VenSAR. 

A Spectrometer suite, VenSpec, will obtain global maps 
of surface emissivity in six wavelength bands using five 

near-infrared spectral transparency windows in the 
nightside atmosphere, to constrain surface mineralogy 

and inform evolutionary scenarios; and measure 
variations of SO2, SO and linked gases in the 
mesosphere, to link these variations to tropospheric 

variations and volcanism. VenSpec-M is a pushbroom 
multispectral imager optimised to map thermal emission 
from Venus’ surface using six narrow bands ranging 

from 0.86 to 1.18 μm, and three bands to study cloud 
microphysics and dynamics. This allows mapping of 

surface composition, constrained by its emissivity 
spectrum, as well as searching for thermal anomalies 
associated with volcanic activity. VenSpec-H is 

dedicated to extremely high-resolution atmospheric 
measurements. The main objective is to quantify SO2, 
H2O and HDO in the atmosphere, below and above the 

clouds, characterising gas exchanges from the surface 
and within the atmosphere, searching for sources such 

as volcanic plumes. VenSpec-U, an ultraviolet 
spectrometer, will monitor minor sulphur species 
(mainly SO and SO2) and investigate the complex and 

highly variable upper atmosphere and its relationship 
with the lower atmosphere. In combination, VenSpec 

will provide unprecedented insights into the current 
state of Venus and its past evolution. VenSpec will 
perform a comprehensive search for volcanic activity by 

targeting atmospheric signatures, thermal signatures 
and compositional signatures, as well as a global map of 
surface composition. 

A Radio Science Experiment uses the spacecraft-Earth 

radio link for gravity mapping and atmospheric 
profiling. Magellan gravity data are consistent with an 
organised pattern of mantle convection broadly similar 

to Earth but lack the resolution necessary to understand 
its connection with geological-scale features, such as 

individual coronae or mountain belts. Higher spatial 
resolution is needed to better constrain the crustal and 
lithospheric structure variations; EnVision will obtain 

higher resolution globally, allowing better constraints 
on the geodynamic evolution of the planet. EnVision’s 
gravity measurements also will allow calculation of the 

tidal Love number k2 with an accuracy of 0.01; this 
increased precision will constrain the distribution of 

internal mass, and the size and state of the core. is 
needed to perform Furthermore, the refraction of 
EnVision’s radio signal in the neutral atmosphere and 

ionosphere of Venus will be used in combination with a 
reference clock (ultra-stable oscillator, USO) to obtain 
high-resolution vertical profiles of temperature, 

pressure, and sulphuric acid vapour and liquid profiles 
in the neutral atmosphere, and total electron content in 

the ionosphere.  

Mission and Spacecraft Design. 

EnVision is planned to be launched on an Ariane 62 in 

2031 with back-up launch dates in 2032 and 2033. An 
interplanetary cruise of 15 months is followed by orbit 
insertion and then circularisation by aerobraking over a 

period of about 16 months to achieve the nominal 
science orbit, a low quasi-polar Venus orbit with 

inclination between 87 and 89 deg, altitudes varying 
from 220 to 550 km and orbital period of about 92 min. 
The nominal science phase of the mission will last six 

Venus sidereal days (four Earth years). The choice of 
science orbit around Venus is mostly driven by a need 
for global VenSpec, SRS, and VenSAR altimeter and 

radiometer coverage, stereo topography, polarimetric 
and repeated VenSAR imaging, and for high-resolution 

gravity mapping. The spacecraft is approximately 

4018.pdfVenera-D 2021 (LPI Contrib. No. 2629)



rectangular, 3 m in height x 2 m in depth and width in 
stowed configuration, with chemical propulsion and 

powered by two deployable solar arrays. EnVision will 
downlink 220 Tbits of science data, using a Ka-/X-band 
comms system with a 2.5 m diameter fixed high-gain 

antenna. 

Mission management   

EnVision is an ESA mission in collaboration with 
NASA, and contributions from individual ESA member 
states for the provision of payload elements. NASA is 

contributing the VenSAR instrument and supplies DSN 
support. The other payload instruments are contributed 
by ESA member states, with ASI, DLR, BelSPO, and 

CNES leading the procurement of SRS, VenSpec-M, 
VenSpec-H, the USO and VenSpec-U instruments 

respectively. The management structure for EnVision 
follows that familiar for ESA planetary missions. ESA 
has responsibility for overall management, and for 

launch segment, spacecraft procurement, and mission 
and science operations centres. The Envision 
consortium thus combines the European experience in 

Venus atmospheric science from the Venus Express 
mission and of Earth radar mapping from the ERS and 

Sentinel-1 missions, with the long heritage of NASA’s 
Jet Propulsion Laboratory in planetary radar, and ASI in 
sounding radar (MARSIS, SHARAD, RIME).  

The presentation will give an overview of the EnVision 

mission in its current status.   
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