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The Planetary Lake Lander (PLL) Project: PLL 

represents a first step towards robotic awareness and 
decision-making without constant human oversight, 
which are applied here to the adaptive exploration of 
Titan’s lakes and seas. PLL deployed a robotic lake 
lander to explore Laguna Negra, a  6 x 1.7-km large, 
272-m deep glacial lake in the Chilean Andes. It car-
ried a sensor suite analog to those of Titan mission 
concepts [1-2] and avionics to support adaptive sci-
ence. PLL used onboard autonomous science data un-
derstanding to drive its behavior, thereby improving 
science impact by focusing its limited resources on the 
most relevant phenomena. This approach enabled PLL 
to develop probabilistic models of the environment that 
improve over time, and use those models to sample at 
the most compelling sites and times, downlink the 
most interesting samples, and further reduce data vol-
ume through intelligent compression.  

Project Achievements: The lake lander was operat-
ed in two modes: moored and unattended for months at 
a time, and during traverses (drifting or piloted). Adap-
tive exploration strategies were applied to examine 
planetary processes relevant to Titan, including storm 
detection, adaptive depth sampling, adaptive shore 
approach, and novelty detection. The project also 
demonstrated new approaches to planetary lake sam-
pling. Specifically, PLL’s achievements include: 

Storm Detection. Like Earth, Titan has storms that 
may have comparable effect on lake turbidity, tem-
perature, and mixing, with direct impact on the distri-
bution of organics. PLL has successfully and repeated-
ly demonstrated the capacity to autonomously recog-
nize storms, alert the science team, and adapt its meas-
urement cadence. 

Adaptive Depth Sampling. PLL has developed an 
adaptive depth sampling approach based on the obser-
vation that most interesting changes occur in a narrow 
depth range in the water column. By exchanging less 
frequent full sampling profiles for more frequent par-
tial ones that automatically track the thermocline, PLL 
has demonstrated a higher resolution reconstruction of 
the water column’ essential characteristics using the 
same power constraints. 

Adaptive Shore Approach. PLL demonstrated the 
ability to autonomously increase its sampling rate 
when approaching the shore by using a depth thresh-
old. These transect datasets can be used to develop 
more sophisticated adaptive behaviors, such as control-
ling the GigaPan camera pointing to optimize coverage 
of shoreline features. 

Novelty Detection. This approach successfully 
flagged storm events in the weather data and stream 
discharges into the lake as novel phenomena without 
any prior knowledge of the environment. 

First in situ application of Laser Raman Spectrome-
try (LRS) to liquid habitats. PLL demonstrated the 
feasibility for LRS to characterize the organic contents 
of a lake, thereby establishing a mission-relevant path-
to-flight for LRS as a powerful technique for astrobi-
ology exploration, and providing guidance for future 
development of LRS-based instrumentation for in situ, 
real-time characterization of planetary organics. 

First field deployment of a prototype Ion-Selective 
Optrode System instrument. PLL demonstrated that 
Optrodes are a suitable technology for in situ charac-
terization of aqueous environments on other planetary 
bodies in our Solar System (e.g., Europa, Enceladus). 

Climate Change on Earth. Using technology and 
systems developed for Titan, PLL monitored over 3 
years the impact of ice loss in a glacial lake ecosystem 
(seasonal and interannual fluctuations of the lake level 
through bathymetry, lake thermal and physicochemical 
structure, organics distribution, and glacially-derived 
turbidity). Biodiversity and habitat evolution were sur-
veyed through in situ microbial profiling methods 
(SOLID), lab analyses, and a Rapid Environmental 
Assessment (REA) using imaging and sampling along 
underwater transects. The REA allowed the discovery 
of a novel ecosystem (see Cabrol et al., this conf). 
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