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VENUS FLAGSHIP MISSION CONCEPT SCIENCE TEAM

Mission Design at GSFC, Richard Lynch, Lead, M. Amato; Adriana 
Ocampo, NASA HQ liaison

Host of generous domestic and international colleagues, 
collaboration between several NASA centers sharing science, 

instrument and engineering expertise – THANK YOU!

October 13 2020Venus Flagship Mission 2

Science/Engineering Team meetings 2-4x/week, 2.5 days at GSFC Feb, 2 week Design run virtually in April 



Astronaut photograph ISS020-E-
9048 acquired on June 12, 2009 
Nikon D2XS digital camera fitted 
with a 400 mm lens
Expedition 20, Sarychev Peak, Kuril 
Islands, NE Japan

SCIENCE RATIONALE
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NASA JPL

Habitable planets must be large enough to:

None

Stay geologically active (long enough for life to develop)

None 0.01 bar CO2
(today)

1 bar N2
(today)

100 bar CO2
(today)

Too cold

Too cold

Maybe?
DefinitelyShould be

Generate and maintain an atmosphere (long enough for life to develop)
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1991, Science

Rubie et al., 2015
Pepin 1991
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What we don’t know 
about the closest Earth size 
planet could fill a book….or 
a field.



Photo: NASA / JPL-Caltech

S. Kane: 
“Venus is the only exoplanet we will ever touch”
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Since Magellan:

Details about upper atmosphere dynamics and composition 
from VEx and Akatsuki, plus important observations for which 
these payloads were not optimized 

Venus may be geologically active
Smrekar et al., 2010; Davaille et al., 2017; Marcq et al., 2012; 
Shalygin et al., 2015; Filiberto et al., 2020; Gülcher et al., 2020

Venus may have felsic (silica-rich) crust
Gilmore et al., 2015; 2017

New GCM modeling showing Venus ocean may have lasted 
billions of years
Way et al., 2016, Way and Del Genio, 2020

Hypothesis and possible detection of life in the Venus clouds
Morowitz and Sagan, 1967; Limaye et al., 2018; Greaves et al., 
2020; Seager et al., 2020

October 13 2020Venus Flagship Mission 7



October 13 2020 8



SYNERGISTIC OBSERVATIONS
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Key elements of Design

Launch 2031. Synergistic measurements between multiple assets:

• Orbiter and 2 SmallSats support in situ assets prior to science 
campaign

• Lander – 7 hour lifetime on tessera terrain after 1 hour of 
measurements on descent

• Aerobot – 60+ days, variable altitude between 52 and 62 km 
altitude

• Long-lived lander (LLISSE) – 60+ days

• Assumed no prior Venus missions, but flexible to accommodate 
them.

• The overall mission concept was derived from the three major 
science goals and two cost-driven requirements that were 
derived early in the study: 1) launch all elements on a single 
rocket and 2) limit the g-load for Venus entry to < 50g in order 
to maximize the use state-of-the-art instruments that had high 
heritage or were assessed to have high technology levels. Both 
of these requirements were accomplished.
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Key Trades

• Definition of the elements that are needed to fulfill the science 
objectives. 

• Evaluation of launch architectures 

• Determination of how to provide communication coverage for 
the aerobot and the lander. 

• Selection of propulsion systems for the smallsats and orbiter 

• Evaluation of methods to reduce instrument g loads. 

• Determination of the aeroshell shape 

• Determination of the orbiter orbit. 

• Determination of launch dates. 
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VFM PLATFORMS

Orbiter and 
carrier 

spacecraft

Two SmallSat
orbiters

Aerobot

Lander/Descent 
Probe and 
LLISSE

Falcon 9 Heavy
Expendable
w/ 5 m Fairing
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Graphic by Tiffany Farrant-Gonzalez, Dyar et al.  Sci. Am. Feb 2019

Tessera Crater age
(minimum rock age) 

Gilmore et al., 2015

Alpha Regio Tessera

Lower Fe

Higher Fe basalts
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Tessera mapping by M. Ivanov
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LANDER
Science: Mineralogy, geochemistry and morphology 
of Venus tessera terrain, constrain surface-
atmosphere interactions, long-duration near surface 
atmosphere characterization

• Ingestion of samples into the lander for elemental 
chemistry and mineralogy 

AND

• “Mobility” achieved with Raman/LIBS by analyzing 
many targets for chemistry and mineralogy

• Gamma-ray spectrometer  to get integrated 
measurement

• LLISSE – Long-Lived In Situ Solar System Explorer, T. 
Kremic, GRC – atmospheric measurements over 60 
days

Addresses VFM Objectives

1 2 3 4 5 6
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SAMPLE HANDLING
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• 3 individual samples collected by drill Ingested and analyzed  
by X-ray Florescence, then dropped into X-Ray 
Diffractometer



FIELDS OF VIEW

DI
5 cm 
Drill  depth

Raman/LIBS

Panoramic Camera
(4 directions)
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LANDER DESCENT SCIENCE
Composition, dynamics, imaging of the atmosphere 
to and on the surface. 

Addresses VFM Objectives

1 2 3 4 5 6

Atmospheric Composition on the Surface 

Descent 
Imaging

Nephelometer
Mass Spectrometer
Tunable Laser Spectrometer
Temp, Pressure, Radiance

Instrument Measurement
Mass Spectrometer Noble gases and their isotopes

Tunable Laser 
Spectrometer

Major and trace gases and their 
isotopes

Nephelometer Cloud particles
Descent Camera NIR

MET Suite P, T, winds, radiance
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LANDER OPERATIONS



SAFE LANDING IN TESSERA TERRAIN Manatum Tessera
Western Ovda

Goal
Land in tessera and acquire and ingest 3 surface samples
Sample ingestion depends on gravity for sample delivery

Challenges
Potentially uneven surface
Surface materials could be rocks, regolith or sediment

Solutions
Landing site analyses

Slope map analyses
Maps of mantling materials

Hazard Detection and Avoidance
Real time processing of descent images and LiDAR
Use of fans to redirect the lander to avoid steep slopes

Mechanisms
Landers Design to tolerate 30° slopes

Operations
Drill has flexibility to access unknown surface
Antenna points close to zenith
Redundant instrumentation for rock chem/mineralogy October 13 2020Venus Flagship Mission 22
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ENTRY, DESCENT AND FLOAT
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Science goals: 

• Chemistry: Measure composition 
and microphysics of cloud particles, 
including search for biomolecules. 

• Meteorology: Measure cloud-level 
dynamics & radiances & role in 
volatile transport.

• Surface science: Measure seismicity 
by infrasound; search for remanent
magnetism.

AEROBOT PAYLOAD 
Addresses VFM Objectives

1 2 3 4 5 6
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VFM SCIEMCE OBJECTIVE I.3
PLACE CONSTRAINTS ON WHETHER THERE ARE HABITABLE 
ENVIRONMENTS ON VENUS TODAY AND SEARCH
FOR ORGANIC MATERIALS AND BIOSIGNATURES. 

October 13 2020Venus Flagship Mission 26



AEROBOT FLIGHT PLAN

October 13 2020Venus Flagship Mission 27First circumnavigation: dwell at ~20°C to complete 
initial chemical characterization including noble gases.

Later circumnavigations: obtain vertical profiles at all times of day and 
night. Choose dwell altitude to study different cloud layers.

12 navigations over 60 day lifetime
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VFM ORBITER

Science: Morphology and composition of Venus 
surface, gravity field, particles and fields, upper 
atmosphere composition.

After lander release aerobrake to circular mapping 
orbit.

Provides critical comm for aerobot and lander

Targeted SAR images of ~5% of the surface to 
accomplish science objectives. Specifics of mapping 
campaign will consider status of Venus missions 
currently in consideration in Discovery and by ESA.

Addresses VFM Objectives

1 2 3 4 5 6
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ORBITER PHASES
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TWO SMALLSATS
Science: Understand evolution of Venus atmosphere and magnetosphere 
via measurements of the interaction the with solar wind.  

Curry et al., 2020

Addresses VFM Objectives

1 2 3 4 5 6

• Elliptical orbits with periapses in both Northern and Southern hemispheres 
during solar cycle 26

• Critically aid in tracking, comm and data return of in situ elements
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VFM COMMUNICATIONS 
DIAGRAM
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EXAMPLE AEROBOT COMMUNICATIONS
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RISK AND TRL

• Development needed for Lander Integrated Terrain Navigation and Landing 
Hazard Avoidance

• Continued Investment in: 

• Variable Altitude balloon

• Instruments and Sample Acquisition Handling
• See VFM Study Technology Development Plan
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1. Landing
2. Landing Terrain Relative Navigation and Hazard 

Avoidance Subsystem 
3. Lander Pressure Vessel complexity
4. Mission Complexity 



COST AND SCHEDULE
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• VERITAS would be pathfinder for VFM 
lander site selection and hi-res SAR 
targets. Possible VFM descope: NIR 
emissivity/gravity.

• DAVINCI+ would inform VFM descent 
profile at another location. VFM does 
unique surface atmospheric science. 
Possible VFM descope: None

• EnVision at Venus concurrently with 
VFM could provide the SAR and NIR 
emissivity to support VFM objectives.

• VENERA-D lander will visit the plains

A FLAGSHIP COMPLEMENTS OTHER 
VENUS MISSIONS

VERITAS - launch 2026
Discovery Phase A

DAVINCI+ - launch 2026
Discovery Phase A

EnVision - launch 2032
ESA M5 candidate

Global SAR, 
topography, 

emissivity, gravity

SAR, topography, 
emissivity, gravity

Atmosphere composition 
profile , emissivity
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FLAGSHIP FIRSTS
The Venus Flagship mission will provide major, unprecedented advancements in 

our understanding of the formation, evolution and habitability of terrestrial 
planets and would be the first mission to trace volatile inventory, phase, 

movement, reservoirs and loss over Venus history.

• first landing in tesserae thought to represent the oldest rocks on Venus
• first measurement the mineralogy and precise geochemistry of tessera terrain; the first inventory of all 

major atmospheric noble gases and their isotopes 
• first measurement of global surface composition from orbit; first co-located mapping of winds and 

composition in the mesosphere and thermosphere 
• first measurements of lower atmosphere composition with modern, high-accuracy, high-resolution 

instruments
• first simultaneous multipoint measurements in Venus exosphere and ionosphere
• first measurement of seismicity and remanent magnetism of Venus first deployment of uncooled ambient 

temperature electronics to enable long-life operation at the Venus surface.
• Complementary & descopable with respect to proposed smaller Venus missions.
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How do Earth, the planets, and
the heliosphere interact?

VENUS TOUCHES US ALL

How do we find habitable planets?

How did life begin and evolve on Earth?
How did the solar system evolve?

How did the sun's family originate?
What are the characteristics of the Solar System?

© Robb Rosenfeld
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