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Introduction:  The LEAVES (Lofted Environ-

mental and Atmospheric VEnus Sensors) concept mis-

sion and technology design exercise, supported by the 
NASA Innovative Advanced Concepts (NIAC) pro-
gram, is a “swarm” approach to obtaining key Venus 

atmospheric data for exceptionally low cost and risk. 
This is made possible by an ultra-lightweight, pas-

sively-lofted, inexpensive atmospheric sensor package 
that can be deployed directly from orbit without an aer-
oshell, is robust enough for the harsh Venus environ-

ment, cheap enough to deploy by the dozens, and is 
sensitive enough to yield valuable new, transformative 
information on planetary atmospheres. LEAVES 

uniquely enables atmospheric sensing through combin-
ing miniaturized sensors, electronics, and communica-

tions on a lightweight physical “kite” that acts as a pas-
sive, drifting body when in the presence of a substan-
tial planetary atmosphere, like the cloud-bearing upper 

and middle atmosphere of Venus. The benefits of this 
architecture include scalability, straightforward inte-
gration as a secondary payload, and reduced cost of 

obtaining high-priority science data. LEAVES utilizes 
components appropriate for Venus such as harsh envi-

ronment chemical species sensors which are now com-
mercially available or have been matured to TRL 5-6 
by other applications and programs (i.e. NASA SBIR 

and HOTTeCH). 

LEAVES fills an exploration platform gap between 

dropsondes and aerostat/aerobot balloons. In the for-

mer case, isolated vertical profiles of the atmosphere are 

obtained in a very short amount of time. In the latter 

case, isolated horizontal (with some limited vertical) at-

mospheric profiles are obtained over an extended period 

of time. However, a comprehensive global picture of at-

mospheric conditions remains elusive due to sparse lat-

eral and/or vertical coverage. Leveraging a “swarm” of 

inexpensive, independent atmospheric sensors with 

high atmospheric residence times, LEAVES provides a 

way of obtaining comparatively dense coverage in both 

lateral and vertical extents with a temporal resolution 

between that of dropsondes and balloons. 

Probe Design: Each lightweight atmospheric probe 

is made of a ~100 g, high-drag structure and a 20 g sci-

ence payload. A spring-hinge expands the 3-sided, in-

verted shuttlecock structure upon deployment, which 

then self-stabilizes due atmospheric resistance and a low 

center of gravity. The remarkably low areal density of ~ 

0.1 g/m2 allows for both a direct orbital deployment (i.e. 

without aeroshell) and a period of extended science op-

erations in Venus’ middle atmosphere. 

Each probe in the swarm is equipped with at least 

two highly-sensitive, chemical species sensors (e.g. SO2 

and CO at better than 1 ppm resolution), temperature 

and pressure sensors, 6-axis inertial measurement unit, 

a microprocessor, 400 MHz transmit-only radio, and 

coin cell battery power supply. Sensor data is recorded 

every 30 seconds, at 8-bit resolution, and cached by the 

microprocessor for upload to an orbiting relay.  

Unprecedented Atmospheric Data:  LEAVES pro-

vides in situ, high priority, targeted science that sub-

stantially augments and enhances the value of a pri-

mary, orbiting asset. During a host spacecraft’s aero-

braking or orbit circularizing campaign, cohorts of a 

dozen or more probes are released from their compact, 

flat-packed storage unit at an altitude of ~150 km. If the 

carrier spacecraft is in a polar orbit, the deployment se-

quence can be timed to space out the probes over 10-20 

degrees of latitude. Over the next several days, the 

LEAVES’ orbits decay until they reach their target op-

erational altitude of 100 km. For the next 9-10 hours, 

they each collect around 1 MB of data, comprised of 

>1000 repeated sensor measurements. These data span 

60 km of altitude (including the clouds) and 1500 km of 

lateral travel (roughly 30 degrees of longitude, assum-

ing ascending and descending deployment). 

Summary: Enabled by a new generation of minia-

turized electronics and sensors, and a failure-resilient 

swarm approach, LEAVES is capable of obtaining high 

priority, high resolution data of the atmosphere of Ve-

nus for exceptionally small cost and mass. This makes 

it ideal as a secondary payload for a Venus orbiter. On-

going work will rapidly mature this concept through 

prototype construction, enhanced payload capability, 

Venus environmental testing, and terrestrial flight tests.  

 

 
Figure 1. Schematic of a single LEAVES unit.  
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