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Aim:  to understand the differences between Venus 

and Earth, by identifying and characterising change 
and activity in the Venus interior, surface and atmos-
phere (up to and including interactions with the solar 
wind), and the relationships between them. 

Technical Objective:  To obtain global radar cov-
erage at C- or S-band with full phase control (i.e. In-
SAR capable) and a minimum resolution of 50 m. The 
nominal mission duration is 5 years (8 Venus cycles, 
one cycle being one sidereal Venus day).  

Requirements:  The radar and associated experi-
ments (including at least the gravity gradiometer and 
GPR) must operate from a repeatable polar circular 
orbit at between 200 and 300 km altitude with a repeat 
pass accuracy must be better than 100 m. Other in-
struments that will be carried as capacity allows may 
include IR and UV spectrometers and/or imagers, a 
Doppler Lidar, photopolarimeter, magnetometer and 
double Langmuir probe. The mission budget is esti-
mated at €500M plus contributed instruments, which 
are funded nationally, and which may or may not in-
clude the radar itself. 

Constraints and Other Information: The maxi-
mum dry mass is 1350 kg for conventional (Soyuz + 
chemical) delivery or ~2200 kg for Soyuz + solar elec-
tric delivery. 

The sustained data rate that can be returned to 
Earth is ~20 Gbits per orbit using either multiple 
ground stations or a separate relay satellite, consolidat-
ed into an 8 hour communications period (100~150 
Gbits). The radar operating period is limited to 20 
minutes (C-band) or 7 minutes (S-band) per ~90 mi-
nute orbit. Mapping strategies must be developed to 
enable global coverage within these two constraints. 

Current estimates of total atmospheric losses (one-
way) are 6.2 dB at X-band, 1.7 dB at C-band and 
0.5 dB at S-band, based on measurements from the 
VLA [1]. Although the losses at C-band are accepta-
ble, S-band remains a much safer option against the 
risk of atmospheric decoherence.  

Radar Performance:  The C-band radar offers the 
following performance for a 40 km wide swath, based 
on modelling undertaken for the M3 study [2]: 

 
Band Altitude Incidence Sensitivity Resolution 

 km ˚ dB m 
C 300 25 to 31 -16 to -18 <10 to 50 
S 250 27 to 34 -19 to -25 <10 to 50 

In addition, electronic beam steering allows the C-
band radar to provide a nadir spot height (altimeter 
mode) every 50 to 100 pulses. It is also able to obtain 
stereo SAR and VV, VH and HV polarisations. 

Because of tighter beam-steering constraints, the S-
band radar would need to be either physically rotated 
to obtain altimeter or stereo SAR, or use its V-
polarisation channel permanently for this purpose. The 
single-look resolution limit of both systems is ~2 m. 

Solar Electric Propulsion:  Using two ion thrust-
ers for Earth escape, delivery and circularisation, per-
mits a higher spacecraft mass, at the cost of increased 
delivery time. More attractively, it allows for a separa-
tion of the radar and the communications components, 
saving some of the fuel required for circularization, 
and allowing a more flexible and ground station-
friendly data return. This mission scenario also suits 
smaller, low cost components. 

A feasibility study is underway to fully understand 
this option, with the intention of presenting two outline 
mission scenarios, one using conventional technology 
and the other using solar electric technology. 

Outline Mission Plan:  Once in a circular orbit at 
Venus, at least two cycles are required to obtain the 
gravity and the stereo and InSAR elevation models 
required before change detection can start. A third cy-
cle will provide a first pass at doing so and will pro-
vide useful information on sources of decoherence 
(atmospheric and surface) and any cm-scale changes 
that have occurred. Depending on the results obtained, 
the next cycle, Cycle 4, will obtain complementary 
data, including opposite look (ascending mode), VV or 
other polarisations, and high resolution imaging at be-
tween 2 and 10 m. Cycles 5 and 7 will return standard 
InSAR for PSI analysis, with Cycle 6 again providing 
alternative data opportunities. Other instruments may 
be operable throughout each cycle, subject to power 
and data rate limitations. 

Opportunities:  EnVision will have ample power 
(>4 kW solar and >500 W battery), storage (1 TB) and 
data rate (>100 Gbits/day to Earth) and, for a solar 
electric option, spare mass for instruments. A work-
shop will be held on Tue 12 May 2014 to discuss pos-
sible complementary scientific investigations and mis-
sion plan. The outcome of that workshop will be pre-
sented to help inform the Venus Exploration Targets 
workshop. 
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