








were used as the initialization locations for the ROMS
prediction. Figure 3 presents the predicted paths of the 15
drifters over a period of 24 hours. From this prediction, we
generated a trajectory for the glider to follow the predicted
plume location for the 24-hour period. In Fig. 4, we present an
overview of the San Pedro Channel and the area of interest for
our study. Here, the yellow and red lines depict the 20 m and
30 m isobaths, respectively. The black line represents the initial
plume boundary and the dark blue line is the computed plume-
tracking trajectory. If we zoom in on the area designated by the
initial plume boundary, as seen in Fig. 5, we see the computed
trajectory for the first six hours of this period. Here, the yellow
pins represent the sampling locations to be visited by the
glider. The pin labeled “Start” is the centroid of the initially
chosen points defining the plume boundary; this is the starting
location for the mission. During the first hour, the glider visits
points 1a and 1b, during the second hour it visits points 2a and
2b, etc. We remark here that the ROMS prediction, and thus
the designed trajectory moved north and west along the coast
while also moving onshore. From remote sensing data, we can
confirm that this was also the general path of the detected
plume.

Figure 2: Satellite image from Oceansat-1 of
ocean surface chlorophyll content. Units are mg/
m3. Image courtesy of the Southern California
Coastal Ocean Observing System (SCCOOQS),
http://sccoos.or
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Figure 3: Predicted paths of the 15 drifters over the 24-hour period from February 10,

2009 at 2000 GMT to February 11, 2009 at 2000 GMT.
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Figure 4: Overview of the San Pedro Channel region of interest. The
black line defines the initial plume boundary and the dark blue line is
the computed plume-tracking trajectory. Figure created by use of
Google Earth
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Figure 5: Magnification of the plume region shown Fig. 4. The black line defines
the initial plume boundary, the dark blue line is the computed plume-tracking
trajectory and the yellow pins represent sampling locations for the glider. Figure
created by use of Google Earth.

From the above simulation, we have provided a proof of concept and are moving forward to implementation in a
field experiment. Since rain events are common for the southern California area in late February to early March, we
are planning a full-scale plume tracking experiment for this time period. The glider will be operating in the San
Pedro shelf area performing a predetermined transect survey. In the event that a fresh water plume develops as a
result of a rainfall event, we will employ the aforementioned sequence of events and re-task the glider to follow
the plume.
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MAS 01. 6 Future Directions

Designing effective sampling strategies to study ocean phenomena is a challenging task and an area of active
research from many different angles. Here, we present a method to exploit multiple facets of technology to achieve
the goal of designing a fresh-water plume following trajectory. Utilizing a complex ocean model, AUVs and an
embedded sensor network, we were able to construct a technology chain that will design a trajectory for the AUV
to effectively follow a plume centroid in the ocean for an extended period of time. From the information presented,
it is clear that the algorithm and technology chain give a theoretical prediction that matches well with actual
observations from remote sensors. It is now a task to successfully implement and improve upon this proof of
concept model. After the successful completion of our field test, one obvious extension is to include multiple
mobile sensor platforms. This would allow for different features of the plume to be tracked, i.e., a boundary
following trajectory as well as a centroid tracker. We plan to use two gliders to demonstrate this capability, but
remark that we are not limited to gliders as the primary sensor platform. At this stage, the trajectory design is
computed only in two dimensions; it is an ocean surface problem. One step to expand this research is to extend
this into a 3-D trajectory design algorithm. Along with this step comes the incorporation of 3-D ocean currents as
well as an accurate model of the glider kinematics and dynamics to effective design an implementable trajectory.
With this structure in place, we can then begin to consider optimization within the trajectory design. For example,
time minimization trajectories that utilize the predicted ocean currents to reach a chosen sampling location. Finally,
it is a long-term goal to implement autonomy to this entire system in particular; the human is only in the control
loop as a fail-safe. In this case, we assume that there are mobile sensor platforms in the ocean. An event would be
detected via remote sensing or a human trigger. An initialization is determined, a prediction is run and a sampling
mission is uploaded to the platforms. As data is collected and assimilated into ROMS, the platforms are able to
autonomously adapt and effectively as well as optimally track the ocean feature of interest.

MAS 01. 7 External Research Partnerships
Yi Chao and Peggy P. Li, Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove Drive,
Pasadena, CA 91109 (current)
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