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Introduction T 7 1 Motivation
* Venus is key to understanding Earth's +4 .. -+ Advancing technology for future
planetary and climate evolution!!! \ ==xn"%  exploration missions in challenging
NI ——-t  environments that have strong
* Planet Venus is our “closest” neighbor 3 winds like the Venusian
« Similarity in size, mass and gravity. = [SORERSEEEREEE SEEE ) R atmosphere

 Greenhouse turned the surface into
an inhospitable place (460°C and 90bar)
 The cloud layer is a harsh environment.
But it has an Earth-like temperature
and pressure at 50-70 kilometers

Research Goals

|+ Development of a motion planner
that can handle environmental
flows and that accounts for vehicle

* Longitudinal wind speeds: 90-120 m/s RN dynamics and battery state
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Problem Statement
The problem can be defined as

The Airship Point-Mass Model with Buoyancy
The airship model was based on 23]
Balance of forces in the x-z plane
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subject to x = f(x,u,w)
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Energy-Efficient and Wind-Aware RRT Proposed Cost Function
Sampling-based motion planner uses a tree of kinematically Cost for new pair (edge) Is then given by:

feasible trajectories considering the effect of the wind drift
Where the battery level

opp opp - :
Algorithm 1 Energy-efficient and wind-aware RRT planner Epr op -+ EPO ¢ - ESOlClT' if b+ Ab > () changes according to
function 7 = EW-RRT(Xst4rt, Xgoals @5 min) / Ab = _Eprop + Esolar

Vinits Vgoal <~ Xstarts Xgoal \m;\ if b + Ab < O

T < Initialize Tree()
T < InsertNode(T, D, Vinit)
for i < 1, N do

Cost due to energy Cost of opportunity for | Cost of opportunity for the solar
discharge at the the potential energy: energy:
EOPP max

Vrand < Sample()
Unearest < Nearest(T, Vnew)

propellers:t . solar — Esolar — Esolar
— f F v Eot = Epor” — Epot .
prop — t =S
t t

-

Viear < Near(T, Unew)
Umins Unew < BestParent(Vnear, Unearest Unew)
T < InsertNode(T, Vmin, Vnew)
if Distance(Vnew;Vgoal) < dmin then
return
end if
end for
end function
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Results o o | | Exgmple mission - Time-invariant and unidirectional wind
Parametric investigation of wind speed and planning  Higher altitudes layers of - Environment 400km x 200km x 15km
m/s 30m/s  60m/s 90 m/s the atmosphere preferred
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o - The paths generated are
VIw[]? =g .
”T’il” “ not optimal
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